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THE RELATION OF ORGANIC DUST TO PNEUMONOKONIOSIS* 


H. R. M. Lanpis, M.D. 


Director of the Clinical and Sociological Departments of the Henry Phipps 
Institute of the University of Pennsylvania 


WO and a quarter centuries ago, 
Ramazzini published his work 
on the ill effects of the inhala- 

tion of dust. He believed that all 
dusts possessed the power of produc- 
ing changes in the respiratory tract. 
From that time until comparatively 
recently the belief that both organic 
and inorganic dust could produce 
pneumonokoniosis has been accepted. 
In addition to this traditional belief, 
several other factors have had a great 
influence, especially the association of 
tuberculosis with dust infections. 
From the very beginning it was noted 
that workers exposed to dust often 
developed tuberculosis. ‘The — belief 
that this was true of all forms of dust 
was at one time generally 
tecently there has been a 


quite 
accepted, 

*Read by title at the mecting of the 
American Association of Physicians, May, 
1924. teceived for 
1924, 


publication Oct. 23, 


tendency to restrict this predisposition 
to tuberculosis to certain of the inor- 
ganic dusts. Not only that, but it is 
asserted that the inhalation of some of 
the inorganic materials, notably coal 
dust, is a protection against tubercu- 
losis. This latter statement is, I 
believe, still debatable. At any rate, 
it is certainly true that quite a large 
proportion of the workers suffering 
from anthracosis do develop tubercu- 
losis; whether the coal dust prevents 
still more from developing the disease 
is something yet to be proved. 
Assuming that the inhalation of the 
inorganic dusts, notably — silica, was 
attended with a high incidence of 
tuberculosis, it was relatively casy to 
extend this dictum to include all forms 
of dust, no matter what their character 
might be. Probably the most potent 


) 


influence in recent years in establish- 
ing this belief was the work of Hoff- 
This observer published statis- 


man. 
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tics based on the experience of the 
Prudential Insurance Company, which 
seemed to show that the tuberculosis 
death rate was uniformly high in all 
industries in which dust was a factor. 
Mle made no distinetion as to the type 
of dust, nor did he attempt to show the 
effect of influences, fal- 
lacy of Hoffman’s deductions has been 


other ‘The 
exposed by Winslow and Greenburg! 
These writers point out that Hoffman 
used as a norm for comparison the 
ratio for males in the registration area 
obtained from the data of the United 
States Census Bureau. On this basis 
almost all the dusty trades which he 
tabulates show a surprisingly high 
Winslow and 
(Greenbure believe that the comparison 


tubereulosis ratio. 
between the Prudential figures for a 


P1ven dusty trade and the census 
figures for ail occupied males is not 
that 
Indicated by such a comparison is 
The point that I wish 


to make is that the assumption that 


age :, 
a fair one, and the eonclusion 


unwarranted. 


all dusts are injurious to the lungs is 
unwarranted, and, so far as the organie 
dusts are concerned, there 1s no patho- 
logic proof that they are per se harm- 
ful. 


are injurious 


It has been assumed that they 
simply because certain 


groups of workers exposed to organic 


dust show a hich inecidenee of tubereu- 


losis. As Winslow and Greenburg 


point out, it is essential that the effect 


of industrial hazards shall not be 


} 


eoinplicated by the influence of social 


and economic factors of a more general 


Another element that has added to 


4 


and Crreenburg, [| 


t Winslow, C.-K. A... yr i: 
Industrial Tubereulosis and the Control of 
the Factory Dust Problem. Tuts Jour., 


1920-1921, 2, dol 


ou), 


the confusion is the disregarding of the 
fact that the dust may be mixed in 
character. Thus, while the industry 
may be ostensibly one in which organic 
material 1s causing the damage, analy- 
sis of the dust itself will show a high 
inorganic content, and it is the latter 
which is producing the pneumonoko- 
niosis. Many years ago, Greenhow 
incinerated the lungs obtained from 
two flax dressers. In both instances 
the resulting ash contained a large 
amount of silica. In other words, the 
workers, while apparently exposed to 
organic dust, were really inhaling inor- 
ganic material, and it was the inor- 
ganic element that 


Panecoast and I 


caused the pneu- 
monokoniosis. have 
had the same experience in a roent- 
genologic study of a group of carpet 
In this instance, the roent- 


sesagte 
showed changes difering 


weavers. 
genograms 
from those in other groups exposed to 
organic material. An analysis of the 
dust in this factory showed that it had 
i large amount of inorganic material. 
Nor is it safe to assume that because 
workers handle certain organic mater- 
ials any disease they may develop 1s 
of necessity due to the inhalation of 
dust from that material. A notable 
instance of this is the cigar-making 
trade. ‘Che incidence of tuberculosis 
is high in this industry, and some have 
attempted to show that it is due to the 
inhalation of powdered tobacco, which 
irritates the lungs and predisposes the 
individual to tuberculosis. As I have 
shown elsewhere,? there is no dust in 
this occupation. The tobacco 
the time it is received by the manu- 


irom 


? Landis, H.R. M.: The Pathological and 
Clinieal Manifestations Following the In- 
halation of Dust. Tuts Jour., 1919-19290, 7, 


i2d< 


j. I. H. 


Jan., 1925 
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facturer until it is made into cigars 
‘sin a moist, pliable condition. Fur- 
thermore, all of the tobacco leaf not 
used in the cigar is earefully saved 
and used for other purposes. ‘This 
accounts for the entire absence of 
tobaeeo dust. 

Probably the most striking feature 
in connection with the dust problem 
is the failure to bring forth the proof 
that organie dusts do produce patho- 
logie changes. The usual procedure 
is to study the morbidity and mortal- 
ity rates of a given dusty occupation, 
and then to assume that any respira- 
tory illness that may be encountered 
is to be aseribed to the inhalation of 
the dust. The proof should be easily 
produced (1) by the postmortem 
examination of workers so exposed, 
and (2) by the roentgenologic study 
of such workers. In the case of inor- 
eanie dust both of these tests have 
applied. There is ample evi- 
dence at hand to show that inorganic 
dust, if inhaled over a_ sufficiently 
long pericd, will produce just as defi- 
nite and characteristic Iesions as do 
of the bacterial infections. <A 
man who works in a coal mine or In a 
pottery sufficiently long will inevitably 
develop a pneumonokoniosis. The 
changes may oecur more quickly and 
may be more extensive in one person 
than in another, even if the conditions 
are identical, but there is no question 
as to the ultimate result. 
more, the dust itself has been 
recovered from the lungs. In fact, 
the progress of the pulmonary changes 
is so definite that, given the type of 
dust and the length of exposure, one 
can almost predicate the roentgeno- 
ogic findings. 


been 


any 


l’urther- 


Exactly the reverse is true in the 


— ~J 


No 


case of workers exposed to organie 
dust. Nowhere in all that has been 
written on the subject of pneumonoko- 
niosis has there been brought forward 
any pathologic evidence to show that 
any of the organic materials create 
changes similar to those produced by 
inorganic dust, nor have any of the 
common organic materials, such as 
cotton, silk, wool, hemp, hair, ete., 
ever been demonstrated in the lungs. 
As far as the X-ray evidence is con- 
cerned, the subject can be dismissed 
with the statement that individuals 
exposed to organic dust show no more 
marked changes than are encountered 
in those who have dwelt all their lives 
in large cities. When the evidence of 
pneumonokoniosis is slightly more 
marked than normal in these cases, it 
is to be ascribed to the fact that there 
is a considerable amount of inorganie 
material mixed with the organic dust. 

During the past year, I have been 
able to obtain complete autopsy proto- 
cols on fifty persons who had been 
employed for varying lengths of time 
as textile workers (Weavers, spinners, 
knitters, ete.), occupations having to 
do with the handling of cotton, silk, 
and wool. In many of the mills the 
cotton fiber hangs like a cloud in the 
workroom. There can be no doubt 
that fibers exist in sufficient quantity 
and of sufficient fineness to reach the 
lungs and produce changes, if that 
material were capable of doing. so. 
Furthermore, in view of the typical 
changes noted in the lungs of workers 
exposed to inorganic dust, one would 
expect the description of the lungs of 
organic dust workers to show recogniz- 
able The fifty autopsies 
were obtained with some difficulty 
from three of the large hospitals In 


changes. 
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Philadelphia. Although there are 
admitted to the hospitals many pa- 
tients their occupations as 
textile workers, the number available 


eiving 


who have been employed over a sufh- 
ciently long period of time, and who die 
and are autopsied, reduced the avail- 
able material very markedly. Admit- 
ting that the number is small, it is 
interesting to note that in no instance 
was there the slightest reference to 
changes in the lungs comparable to 
those noted in the case of those 
exposed to inorganic dust. In. all 
cases the trade had been the only one 
followed. The ages of the workers as 
shown in the following tabulation indi- 
‘ate that nearly all were beyond the 
middle period of life, and that a large 
proportion were of advanced years. 


Age Group Number 
DE 6b odnc-204hs00ee eee eeueeaeaee 5 
DM, 66s'g cba or 096040 Hake dnd bee ee 15 
a 6 64.66 CPA TRRLEREDAR ADS AS EAE 12 
gg Teer Te Ter Py rere rT s hee rere 12 
Fe IO, ons 0s 1606 chan ennavnees 6 


In the pottery industry, with which 
I am most familiar, the damaging 
effects of the inorganic dust become 
more and more noticeable after the 
age of 40. There are relatively few 
workers remaining at the trade beyond 
the age of 60. They become incapaci- 
tated as the result either of a pneu- 
or of a superimposed 
tubcreulous infection. 


monokon1osis 


‘he causes of death in the group of 
workers exposed to organic dust were 
as follows: 


na eaveeae eens enke 10 
Cardiovascular disease........... 10 
POT ci cc crbbeteaeeeees © 
St ee rr eer er eT rer 4 
LGOGT PHOUMIONIR . .. occ cccnesanscs 4 
Tubereulosis, pulmonary... ..... 4 


Organic nervous diseases.......... 4 
Intestinal obstruction............ 1 
Laryngeal stenosis........ 1 


poy 8. Se l 
GS § 6b 4 bos cae ekavicucce O 
PI i a-5.4. 64 KSA a Sas eases 1 


CHAS TOMOMINE. 6 occ cecccscccccccse 1 
Edema of lungs.................. 1 


The terminal infection as shown by 
the autopsy was as follows: 


Terminal bronchopneumonia....... 7 
I 6. 6.5 40 wk ogc an cescuvns 5 
Lobar pneumonia................. 4 
Kdema and congestion of lungs..... 1 
Carcinoma of lungs, metastasis.... 1 


The causes of death in this group of 
cases are in marked contrast to the 
usual death returns in the case of 
inorganic dust workers. Among the 
latter, death is in the great majority 
of instances ascribed to some respira- 
tory condition. While’ the actual 
sause of death is rarely, if ever, given 
as pneumonokoniosis, but rather as 
some secondary factor, such as bron- 
chitis, pleurisy, emphysema, bron- 
chiectasis, tuberculosis, etc., if serves 
to indicate that the predominant clin- 
ical features of the illness were respira- 
tory in character. 

Among the group under considera- 
tion the causes of death are rather 
what one would expect in the ordinary 
run of cases falling in these age periods. 
The only possible exception is that of 
tuberculosis. It is quite possible that 
with a larger number of cases the per- 
centage from this cause would be less. 
The object of the present paper, how- 
ever, is not to determine 
organic dust acts cither as a carrier of 


whether 


the tubercle bacillus or as a predispos- 
ing cause of tuberculosis, but to point 
out that it has no power to establish 
the 


konlosis. 


condition known 


In the first place, the roent- 


as pneumono- 


.¢ & 
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senograms of the chest show no 
changes analogous to those so readily 
demonstrable in the ease of inorganic 
dust. In the second place, there is no 
pathologie proof based on autopsy 
experience that such is true. Iinally, 
it is essential for practical purposes to 
keep the effects of inorganic dust and 
of organic dust separate. The former 
presents a definite problem of preven- 
Disregarding the predisposing 


Ne 


tion. 


influence it may have on the develop- 
ment of tuberculosis, it should be 
clearly recognized that inorganic dust 
of itself can and does cause serious 
and disabling damage to the lungs. 
[In every group of workers so disabled 


a considerable proportion of them are 
suffering from a pure pneumonokonio- 
sis, without the added tuberculous 
infection. 

Organic dust, on the other hand, 
judging from the evidence at present 
available, never produces the condition 
known as pneumonokoniosis. That 
some organic dusts give rise to pro- 
tein intoxication, such as asthma, 
threshers’ fever, etc., is known. I[ur- 
ther studies may extend the list and 
at the same time may demonstrate 
the fact that this type of dust may be a 
source of danger in acting as the car- 
rier of bacteria into the respiratory 
tract. 
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RSENIURETTED 
or arsine, is one of the poisons 
met with from time to time 

in industry. It is generated, although 
not in very considerable quantities, 


hydrogen, 


chemical 


Among 


during many processes. of 
and metallurgical industries. 
the kinds of work in which this highly 


dangerous and volatile gas may be 
gencrated, Glaister (1) includes the 


following: 


Chemical analysis and laboratory work. 

Production of aniline dyes. 

Smelting of zine polluted with arsenic. 

Smelting and obtaining mineral ores. 

Production of tron sulphate and several 
other chemical substances. 

Inflating aerostats with hydrogen. 

Soldering and galvanizing. 


with a 
garlic-likesmell, which passes into a 
liquid state at a temperature of —40°C., 
It is soluble in water in the proportion 
volume of 
Its production is accompanied 


Arsine is a colorless 


TAS 
om eae 


of about 5 volumes to 1] 
water. 
by a considerable absorption of heat, 
It 


is most frequently generated during 


which renders it highly unstable. 


the treatment of zine, tin, and iron 
with sulphurie and hydrochloric acids, 
because these substances are used in 


a erude, impure state and contain 


teceived for publication May 5, 1924. 


greater or lesser quantities of arsenic, 
‘Thus the sulphurie acid used in indus- 
contain from 0.045 to 0.140 
per cent. of arsenious acid, and hydro- 


try may 


chloric acid may contain from 0.0014 
to 0.6091 per cent. and 
tin, 


The ZINC, ION, 
] , ; - aq 
aso, may contain considerable 

quantities of arsenic. 


The reaction for the formation of 
arsine 1s expressed in the following 


formula: 


Hos ds ys Zn —_ ZnsO, -} LI. 


The arsenic in acids and metals may 
then combine with this nascent hydro- 
gen, forming arsine. 

to 


dangerous, 


Arsine 1s highly poisonous. As 
the 


“Koelsch, basing his view on experi- 


amount which Is 
ments on animals by Dubitzki, con- 
siders 0.8 gram AsH3 (equivalent to 
Sb. | 

man, or less—0.1 to 0.15 gram AsHy, 

if the haemolytic action of the gas on 
different kinds of blood is made the 
basis. An actual instance where death 
followed inhalation of 0.6128 gram 
(equivalent to 175 ec.) AsH,; suggests 
a much larger amount as the lethal 
dose, and Wignall, from analyses of 
the amount of arsenic excreted in the 


ec.) as a fatal dose for an adult 


urine of workmen suffering from AsHs3 
poisoning, comes to the same conclu- 


a. Be Be 
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sion. Dubitzki (quoted by Ioelsch) 
eonsiders that a concentration of 3 
parts per 100,000 would cause symp- 
toms in time” (2). 
fion of arseniuretted hydrogen in the 


The coneentra- 


air rarely, however, attains such a 
height—a faet which may partly be 
accounted for by the instability of the 
eas, tl’or this reason, the number of 
ses of acute poisoning elicited by 
medical registration Is far from con- 
siderable. 

fn L908 Glaister succeeded in finding 
in the entire returns at his disposal 
only 120 cases ot poisoning due to 
pp. 100, 
1920 sumunarized 


spmey 


y Ag a hoelseh 
i380) allewed 


cases, thirty-six (27.7 per cent.) of which 


Arslne (1, 


) in) 


In Hngland from 
1900 to 1919 fifty-three cases of poi- 
307), 


the branches of the respective indus- 


resulted in death. 


soning were registered (2, p. 


tries beine as follows: 


es * 


Chemical industry............ 2S 
Ga@lVATISING WOTKE. so 6cscesscecss 7 
Bronzing of art metal............ 5 
Dy@INg PYOCOSSGS. .. 1... sseescaeess 4 
i ore ee acre wore aan . 9 


A very interesting instance of general 
poisoning is one reported by Dudley 
(4), in which thirty men belonging to 
the crew of a submarine were involved. 
The poisoning was due to the eorrod- 
ing of the lead plates in the batteries, 
Which contained 0.2 per cent. of arsenic. 

These figures do not, of course, 
total number of cases of 
Under the 


‘nt system of industrial poisoning 


include the 


from arsine. 


poLsoning 


wistration, It is only the most acute 


ad serious cases that are returned: 
causes of less acute and chrome poison- 
ing, which the 


are type most fre- 
quently met with, evade 


registration. 


Vol. 7 
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‘To this comparatively small number 
of cases of acute arsine poisoning, we 
may add twelve new cases treated by 
the Moscow Institute for Investiga- 
tion of Occupational On 
September 25, 1923, cight patients 
were brought to the elinie of the Insti- 
tute with signs of acute 


Diseases. 


POISONING, 
Questioning the patients cheited the 
Information that they had all been 
working in the galvanizing and etching 
department of a zine plant until 2 
o'clock on the previous day (one tad 
worked until 4 o’elock) and that they 
had all been taken ill after a pertod 
varying from two to ten hours after 
the 
thirteen 


work. On the day in) question 


hed 


whom two were etchers and two onl. 


ret 


men been ato work, of 
vanizers; the rest were Laborers, who 
earried articles from the etching tank 
to the galvanizing tank. Eight of 


the Lhe 


clinic on September 23, and four with 


thirteen were admitted to 
symptoms of less acute poisoning were 
suspended by us from work and sent to 
the elinte. The thirteenth man was 
in food health and did not go to the 


clinic, 


The source of potsoning was an 
etching tank with a eapacity of 200 


which there had been 


poured the day before a bottle of sul- 


poods! into 


phurie acid deseribed by the workers 
In this tank 


on September 22, at about 12 


a on Pe rr a 
as “suspicrous-looking. 


o'clock, 
damaged galvanized vessels were 
nnmersed for a second treatment. 
During both the first and the 


immersion of the vessels 


second 
a white vas, 
similar in odor to hydrogen sulphide, 
All the men engaged 
in this work were taken ill with signs 


was viven off, 


'One pood ,or 16.55 kg. 


= 36.113 pound 
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of acute poisoning, one of them an 
hour or two after work. One of the 
workers, an etcher engaged in immers- 
ing vessels in the tank and detained 
at the work longer than the rest, felt 
ill while at work and exhibited signs of 
very acute poisoning. He died on the 
fifth day. 

A detailed chemical investigation 
showed the causes of the poisoning; 
but the clinic had forestalled the 
results of the chemical analysis and, 
basing its conclusion on the symptoms 
and course of the disease, had estab- 
lished the fact of poisoning with arsine. 
The symptoms of poisoning were curi- 
ously similar in all the cases, differing 
only in degree. ‘To make clear the 
symptoms of poisoning, let us sum- 


marize the course of three cases 
of acute and two eases of slight 
poisoning. 


Cask 1.—X, aged 36, an etcher, who 
worked at the filling of the tank longer than 
any of the others (about four hours), was 
taken ill while at work, with headache, 
general weakness, and vomiting. 

Physical Examination.—The patient on 
examination was found to be suffering from 
acute griping pains in the abdomen, 
especially in the region of the stomach and 
liver; from tenderness in the region of the 
kidneys; and from thirst. Physical ex- 
amination elicited the following features 
and symptoms: drowsiness; general cya- 
nosis of a copperish-red color; blurred and 
diffusely hemorrhagic conjunctivae; pupils 
narrowed and reacting very slightly; a 
scarlet, coated tongue; hiccuping and 
frequent vomiting of a large quantity of a 
dark greenish tar-like liquid (bile). The 
abdomen was sunken; the liver enlarged, 
projecting a finger’s breadth from under the 
ribs; and the gallbladder 
The pulse was 90 in rate. weak 


edge of the 
palpable. 
and regular; the heart sounds were muffled. 
The respiratory rate was 24 per minute, and 


a few dry rales were audible. Tendon 


reflexes were heightened and there was 





clonus of the foot. 
darker than usual. 

On the evening of the following day there 
was hiccuping, incessant vomiting, and 
continued thirst. The pupils were nar. 
rowed and the patient’s color assumed a 
more jaundiced character. His tempera- 
ture rose on September 24 and remained at 
the level of 37.7° to 38.1°C. until the day of 
death, when it fell to 35.6°. 

During the course of the disease phe- 
nomena of acute oliguria were noted (20 
to 30 ¢.c. of urine per day), together with 
hemoglobinuria, hiccuping, incessant vom- 
iting, pain along the muscles and nerves, 
heightened reflexes, and jaundice increasing 
for two days and then decreasing. 

Laboratory Findings.—Interesting phe- 
nomena were observed in connection with 
the urine and the blood. The examination 
of the urine, obtained by means of a catheter 
on September 23, gave the following results: 
day quantity, 50 to 60 c.c.; consistency, 
thick; color, brownish red; reaction, slightly 
acid; specific gravity, 1.019; albumin, 4.5 
per cent.; Gmelin’s reaction, negative; one 
to two kidney epithelial cells and three to 
four erythrocytes in each field. On Sep- 
tember 26, the day quantity was 20 c.c.; the 
color, cherry red; albumin 5 per cent.; 
Gmelin’s reaction, negative. A micro- 
scopic examination showed thirty to forty 
erythrocytes, about thirty leukocytes and 
one to two granular casts in each field. 

Examination of the blood, which un- 
fortunately was made but once, showed on 
September 24: erythrocytes, 3,020,000; 
hemoglobin, 48 per cent.; color index, 0.79; 
and leukocytes, 30,000. A _ differential 
count showed: neutrophils, 80 per cent.; 
basophils, 1 to 2 per cent.; lymphocytes, 12 
per cent.; mononuclears and transitionals, 5 
per cent. The proportion of leukocytes to 
erythrocytes was 1 to 100. Basophilic 
granulation and polychromatophilia of the 
red cells were noted. 

Death followed on September 27 from 
failure of the heart. 

Casr 2.—Y, aged 18, who was employed 
in receiving vessels from the galvanizing 
tank, had been working on the day of the 
poisoning from 8 a.m. till 1 p.m. He was 
taken ill at 3 p.m. with headache, weakness, 
At 6 p.M. an incessant vomiting 


The fecal materia] Was 


and pains. 


J. 1. H. 
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‘h bile in the vomitus began and econ- 


dyued throughout the whole evening and 
night. ‘The vomiting was accompanied by 
ins inthe abdomen. The patient turned 


vellow in the course of a few hours. 


gh 
yas 


Phosteal Framination.—An investigation 
made at the Institute on the evening of the 
following day showed the patient to be semi- 
giddiness, 
thirst, nausea, 
incessant vomiting of dark, blackish-green 


and suffering from 


violent 


conscious 
slight headache, 
hile in large quantities, from pains in the 
abdomen, especially in the upper part and 
about the liver, and from pain along the 
course of the nerves in the upper and lower 
The patient showed a marked 
jaundiced coloring of the cutaneous and 


extremities. 
mucous surfaces. Tlis pupils were some- 
what narrowed and the pupil and tendon 
The liver was somewhat 
enlarged (2 to 3 em. below the edge of the 
ribs); the spleen could not be palpated. 
Heart tones were dull and a few dry réles 
could be detected in the lungs. 


reflexes sluggish. 


Respiration 
was 20; pulse, 80 to 100, regular and medium; 
blood pressure, systolic 115, diastolic 60. 
The stools were obstructed but of normal 
color. 

Laboratory Findings.-Iixamination of 
the urine on September 24 showed: color, 
dark brownish red; specifie gravity, 1.017; 
reaction, slightly acid; albumin, 4.5 per 
cent.; Cunelin’s reaction, negative; three 
to five epithelial cells and two to three 
erythrocytes in each field, and erystals of 
hematoidin in the sediment. On September 
26, the urine was slightly orange colored; 
specific gravity, 1.015; albumin, 0.66 pee 
cent.; Gimelin’s reaction, negative. Two to 
three leukocytes were present in each field; 
the sediment also showed epithelial cells 
containing small, brown needle-like erystals 
of hematoidin (bilirubin?). 

luxamination of the 


september 24: erythrocytes, 


blood showed on 

2 137,000; 
hemoglobin, 37 per cent.; color coeflicient, 
0.89; leukocytes, 20,400 (differential count: 
neutrophils, 76 per cent.; eosinophils, 1 per 
eent.; lymphocytes, 20 per cent.; mono- 
nuclears, 4 per cent.); proportion of leuko- 
cytes to erythrocytes) 1 to 106. Eexamina- 
tion of the erythrocytes showed basophilic 


granulation, 


polychromatophilia, = and 


anisocytosis. 
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On September 2S the findings were: 
erythroeyvtes, 1,500,000; 


color index, 0.88; leukocytes, 


hemoglobin, 25 
per cent.; 
18,000 (neutrophils, 63 per cent.; basophils, 
ll per cent.; lymphocytes, 12) per cent.; 
mononuclears, 14 per cent.); proportion of 
leukoevtes to erythrocytes, | to Sa. 

Qn October 38, the 
was 56 per cent. Basophilie granulation, 


hemoglobin figure 
anisocytosis, polychromatophilia, and an 
increased number of thromboeyvtes were 
observed during the examination of the 
red cells. 

Characteristies of the further course of 
the disease were a rapid disappearance of 
hemoglobinuria, albuminuria, and jaundice, 
with a slow regeneration of the blood. 
After the the 


complained of pains in the hands and along 


leaving hospital, patient 
the course of the nerves. 

Case 3.—Z, aged 21, an etcher, worked 
in the etching department till 2 
After three hours’ work he developed weak- 


o'clock. 


ness, pains in the abdomen, nausea, vomit- 
ing of bile, and bloody urine. 

Physical Hramination.—~An examination 
at the Institute showed the patient to be 
fully conscious but suffering from headache 
and giddiness, from nausea and frequent 
vomiting of thick, tar-like bile, from acute 
pain in the regions of the liver and spleen, 
and from pain in the upper and lower 
extremities along the course of the nerves. 
The patient’s skin was a copper-red, Jaun- 
diced color; the conjunctivae were acutely 
hyperemic and blurred; the pupil reflex was 
sluggish, the tendon reflexes heightened. 
There was general paresthesia. The liver 
was enlarged, projecting from under the 
edge of the ribs; the spleen could be pal- 
pated and was soft and painful. "Phe heart 
limits were normal, the tones somewhat 
muffled. The Res- 


piration was 24; pulse, 64, normal; blood 


lungs were normal. 


pressure, systolic 120, diastolic 100. The 
temperature was slightly raised ($7.2" to 


37.8°C.) on the first and second days of 
ilIness. 

Qn September 24 
the urine showed: color, 
brownish red; slightly 
specifie gravity, 1.020; albumin, 4 per cent. ; 


Laboratory Findings. 
examination of 


reaction, acid; 


Cimelin’s reaction, negative; hyaline casts, 


granular casts in each field; three to five 
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fattily degenerated epithelial cells and two 
to three erythrocytes in each field. On 
September 27, the urine was slightly dark- 
ened; specific gravity, 1.017; reaction, acid; 
albumin, 0.33 per cent.; occasional granular 
casts, leukocytes, and kidney epithelial 
cells present in the sediment. 
Ivxamination of the blood on September 
24 showed: erythrocytes, 2,570,000; hemo- 
globin, 52 per cent.; color index, 1.0; leuko- 
13,400 cent.; 


) 


eosinophils, 3 per cent.; lymphocytes, 138 


cytes, (neutrophils, 71 per 


per cent.; mononuelears, 13 per cent.); 
proportion of leukocytes to erythrocytes, 1 
to Lb. 


basophilic granulation and polychromat- 


Iexamination of the red cells showed 


ophilia, 

September 28 the findings were: erythro- 
eytes, 2,890,000; hemoglobin, 39 per cent.; 
color index, 0.68; leukoeytes, 9,800 (neutro- 
phils, 59 per cent.; basophils, 1 per cent.; 
eosinophils, 5 per cent.; lymphocytes, 17 
per cent.; mononuclears, 18 per cent.). 

On October 10 the erythrocyte count was 
4,610,000; the hemoglobin figure, 70 per cent. 
Vomiting had ceased, jaundice was dimin- 
ished and slowly disappearing. 

On October 27, the jaundiced color of the 
sclera still remained. <A rapid disappear- 
ance of the liver phenomena and a slow 
blood 


alone the 


had been oe- 


course of the 


revenerat ion of the 


eurrine. Pain 


4 


nerves first inereased, but by this time had 
disappeared. 


‘These three cases may be considered 
the most acute; the remaining nine 
patients showed similar but less acute 
In all cases the typical 
symptoms—shivering, nausea, vomit- 


symptoms. 


ing, weakness, headache, and the pas- 
sage of bloody urime—came on sud- 
denly. ‘The interval between the end 
of the work and the beginning of the 
illness varied according to the time the 
patient had been working, the distance 
between him and the etching tank, ete. 
But all fell il on the day of poisoning 
and all within one to ten hours after 
leaving the works. Some of the vie- 
tims fell asleep and slept quictly all 





through the night after the first fit of 
shivering, vomiting, and pain in the 
abdomen had passed. On the follovy- 
ing day some of the men even tried to 
go out, but weakness and headache 
compelled them to go back to bed. 
Three of the poisoned men went to 
work two days later, but they were 
prohibited by us from working beenuse 
they showed the typical phenomena 
of poisoning—hemoglobinuria, slight 
jaundice, weakness, ete. 
Hemoglobinuria, which is caused by 
of the red 


blood corpuscles, must be recognized 


an extensive destruction 


as the most striking svmptom observed 
in all the Che preliminary 
symptoms are, In a 


CASCS, 
two, 
followed by jaundice with an enor- 


day or 
mous secretion of bile. Vomiting was 
observed in all the cases, was incessant 
in the most acute ones, and was always 
followed by the excretion of great 
quantities of thick, tar-like bile. 
of the patients, who received no solid 


(one 


food and almost no liquids, seereted 
during the first days seven to eight 
glasses of almost pure bile. 

‘These symptoms help us to establish 
the essential cause of the poisoning. 
Arsine belongs to the blood poisons 
(globulicides, according to Naegelt), 
particularly to the hematolytic pol- 
When inhaled by the lungs, 
arsine passes through them without 


sons. 
any hindrance, as through an “open 
gate,” into the blood and produces its 
We that it 


does not remain in the lungs or damage 


pernicious effect. know 
them seriously in passing, from the 
fact that all the poisoned men showed 
the 
lungs, or merely rales for a few days— 


either no phenomena at all in 


a finding which did not correspond to 
the seriousness of the case. Post- 


J. i. Ie 


Jun., 1925 
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mortem examinations disclosed no 
pathologic changes in the lungs. 

These climeal  and_ pathologico- 
anatomie data indicate the insignifi- 
eant amount of damage to the alveolar 


epithelium 


ar yisoning. 


oeeasioned by — arsine 
The alveoli are penetrated 
as readily by arsine as they are by 
earbon monoxide and by atmospheric 
air. ‘Chis immunity of the respiratory 
organs is an important element in 
distinguishing between poisoning by 
arseniuretted hydrogen and by nitric 
oxide, since the latter is always accom- 
panied by an acute irritation of the 
entire respiratory tract. 

Arseniuretted hydrogen in the blood 
acts as a powerful solvent of red blood 
corpuseles. A small quantity of this 
poison Is sufficient to produce destrue- 
tion of the erythrocytes, and a separat- 
ing out of hemoglobin from the cell 
‘The eell 
has not yet been suflici- 
investigated. Albrecht 

(quoted by Naegeli 
that the action of 
lytic poisons either damages the red 


fragments. 
destruction 
ently 


process ~of 


and 
(5)) 


hemato- 


Iledinger 


suppose 


corpuscles or dissolves their outer layer 
which contains lecithin. We must, 
however, suppose that the hematolytic 
action of arseniuretted hydrogen: is 
not terminated when it passes out of 
the blood. 
are destroyed immediately; others are 
injured and their lives shortened— 
plasmotropiec effect, according to Weyl 
(6)—the cells becoming more fragile. 
This explains why in nearly all the 
cases the amount of hemoglobin con- 


Some of the erythrocytes 


tinued to decrease for a few days after 
the poisoning, the lowest figures being 
reached in three to four days’ time 
and not immediately after the poison- 
In one of the cases (Y) the 


ing, 


Vol. 7 
No. 1 


hemoglobin figure was 37 per cent. on 
September 24 and 25 per cent. four 
days later. We may possibly have 
here a decrease of hemoglobin already 
liberated from the corpuscles and not 
of intracellular hemoglobin, sinee dur- 
ing the first few davs hemoglobinemia 
existed. Such an explanation is justi- 
fied by two cases desertbed by Joachim 
(see Naegelt (5, p. o49)), when the color 
Index equaled 1.5 and grew normal 
as soon as hemoglobinurta disappeared, 


the 
simultancously 


not 
with — the 
decrease In hemoglobin a deerease in 
the Wits 
observed during the days following the 


In some. of 


eases, though 


always, 
number of — erythroeytes 
poisoning; in other cases an increase 
In the number of erythroeytes, but 
with a lowered color index, took place, 
with a subsequent decrease of hemo- 
globin. We may assume that we have 


here stmultancous phenomenn — of 


destruction and = regeneration — of 


erythrocytes. 
ASIN 


Alterations in the blood in 


poisoning arc considerable, as may be 


seen from the cases reported. — Tirst 
of all, an enormous number of erythro- 
cytes immediately disappears. In the 


eases deseribed above, the lowest num- 
ber of erythrocytes was 1,500,000, 2 
decrease of 70 the 
remaining cases the red cell count did 
fall 2,500,000. Out of 
thirty cases deseribed by Dudley (4, 
p. 220), the number was 
2,000,000 in only two cases. 


cases of arsine poisoning deseribed by 


per cent. In 


not below 
below 
In two 


Joachim (7) and terminating in recov- 
ery, the number of erythrocytes fell 
to 710,000 and $10,000, the hemoglobin 
to 16 and 18 per cent., respectively. In 
Case 1, the number was 2,130,000) on 
the first day and it had decreased to 
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860,000 on the ninth. It is elear that 
such a destruction of the erythrocytes 
cannot take place without some reac- 
tion on the part of the marrow, which 
is evidently not damaged immediately 
by the arsine. Signs of regeneration 
appear in one form or another in all 
the cases, manifesting themselves 
in basophilic granulation and 
polychromatophilia. 

Considerable modification appears 
in the leukocytie system. It can 
hardly be supposed that the hemato- 
lytic toxins act directly on the leuko- 
eytic system as irritants. Secondary 
phenomena develop. The marrow is 
irritated by the products of decom- 
position of erythrocytes and hemo- 
globin which may be circulating in 
the blood—material which Naegeli 
calls the blood-generating irritant of 
the marrow. ‘This is why a number 
of anemias caused by exogenous and 
endogenous poisons are accompanied 
by leukocytosis. In one case of acute 
poisoning by copper sulphate, Pollak 
observed leukocytes to the number 
of 62,000. In another case, one of 
burns of the body accompanied by a 
destruction of erythrocytes, — this 
author observed an _ increase of 
leukocytes to 50,000 (see Naegeli 
(5, p. 549)). 

In all our cases we observed the 
phenomena of leukocytosis, the num- 
ber of white cells reaching 30,000 and 
20,000 in the most serious cases. No 
actual parallelism between the acute- 
ness of the poisoning and the degree 
of leukocytosis may be stated with 
any certainty. ‘Two of the cases, 
with 3,190,000 and 2,790,000 erythro- 
cytes respectively, showed compara- 
tively high leukocytic counts—-22,800 
and 18,400. ‘The increase in the num- 


ber of leukocytes is due to an increase 
in the neutrophils. Post-toxie 
lymphocytosis sometimes appears when 
the number of leukocytes becomes 
normal. 

xcept for a leukocytosis, it js 
difficult to note in arsine poisoning 
any consistent phenomena in. the 
appearance of the various cells of 
the leukocytic series. A réle is 
evidently played here by constitu- 
tional peculiarities of — the lympho- 
genous systems of different — indi- 
viduals, leading to different reactions 
to the same irritant. In two of the 
cases, (D) and (A), we had respee- 
tively 12,000 (51 per cent.) and 6,500 
(39 per cent.) lymphocytes to 22,300 
and 18,400 leukocytes. In the case of 
(P), there were only 1,200 (5 per cent.) 
lvmphocytes to 20,000 leukocytes. 

In spite of the vagueness of many 
of the changes in the hematopoietic 
system, the following basic elements in 
poisoning with arseniuretted hydrogen 
may be stated with certainty: 

1. Destruction of and damage _ to 
red corpuscles; 

2. Liberation of hemoglobin from 
the disintegrating erythrocytes (he- 
moglobinemia) ; 

3. Myelogenous reaction, consisting 
in leukocytosis and the appearance of 
regenerating forms of erythrocytes. 

All the other pathologic phenomena 
are connected directly or indirectly 
with the first and second of these 
effects upon the blood and may be 
explained by them. Hemoglobinemia 
causes two acute symptoms of pol- 
soning—jaundice and hemoglobinuria. 
A considerable part of the hemoglobin 
is exereted by the kidneys. Another 
part is converted into bilirubin which 
is principally secreted by the liver as 


J Ee 
Jan., 1925 








POISONING 


hile and partly absorbed by the cur- 
wt of the blood, causing jaundice. 
The bilirubin formed from the hemo- 


y" 
3 \ 


elobin makes its way into the liver, 
which, being the organ of exeretion, 


suffers from overstrain during this 
process. In the eases of poisoning 
which we have deseribed the liver 


reverted no very marked phenomena 
It was comparatively 
little distended (one finger’s breadth 
helow the edge of the rib) 


of poisoning. 


and that 

Pain in 
ie liver may be explained by over- 
the | may be explained by 


only during the first days. 


strain, since it is the organ of exere- 
tion, or may be due to a considerable 
degree to a distention of the gallblad- 
der by an enormous quantity of bile. 
An histologie investigation made by 
Ireifeld (8) furnishes us with a partial 
explanation as to where the hemoglo- 
bin and its derivatives go. [examina- 
tion of the liver disclosed a marked 
clogging in the central portions of the 


bile capillaries; the bile ducts, how- 
ever, were not distended. ‘The blood 
vessels were unchanged and there 
were no phenomena of necrosis. Proe- 
esses of secretion were most active, 
but their mechanism damaged. The 


bile, although not meeting with any 
Impediments in the ducts, was clogged 
in the capillaries. This may be ex- 
plained by the thick consistency of the 
bile as shown on postmortem examina- 
tion in the distended and. over-filled 
gallbladder, and in the matter vomited 
before death. The viscosity is caused, 
on the one hand, by the enormous pro- 
duction of bile and, on the other, by 
the loss of water. 

The distribution of iron (hemoglo- 
bin) in the organs is still more inter- 
esting. The Kupffer cells of the liver 


proved to be filled with tron (hemo- 
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siderosis) and greatly swollen, as was 
the 
endothelial system of the spleen. 


reticulo- 
No 


iron whatever was found in the liver 


also to some degree 


cells. It was the cells of the retieulo- 
endothelial system, exclusively, that 
were found to be impregnated with 
iron; these cells being the thorough- 
fare of the disintegrating blood) pig- 
ment on the way to its transformation. 

The next station after that (the 
eclls of the liver) proved to be laden 
with bile pigment. No iron was to be 


found between these two stations. 
The tron product of the blood pigment 
does not leave the Wkuptfer cells as 
iron. ‘This leads us to suppose that 
the IKuplfer cells that the 


splitting off of the iron takes place 


it is in 


together with the conversion of the 
The 
bile pigment is tater caught by the 
The faet that 
the liver cells act as an exereting 


blood pigment into bile prement,. 
liver cells and ejected. 


apparatus is indirectly confirmed by 
all the phenomena exhibited by the 
liver, such as pain and enlargement 
Which ceases with the excretion of the 
hemoglobin which has been converted 
into bilirubin, 

The remaining pathologie — phe- 
nomena occurring mn arsenturetted 
hydrogen potsoning may be explained 
chiefly by alterations in the blood 
The 


hemoglobin, when set free and cireu- 


(decomposition of erythrocytes). 


lating in the blood, acts as a foreign 
and poisonous substance (5, p. 549). 


It, overloads all the parenchymatous 


organs, especially the kidneys. More- 
over, arseniuretted hydrogen, in spite 
of the changes if undergoes im the 
body—changes not yet clearly under- 
stood—may possibly act as a cell 


! ‘mwelY 
noted, however, 


poison, It Way be 
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that no pathologic changes indubit- 
ably connected with a toxie effect of 
No 
one organ furnishes an example of any 
exceptional injury. ‘The phenomena 
observed in our cases were of a general 


this sort have been established. 


character and may be explained, on 
the one hand, by a rapid destruction 
of an enormous quantity of erythro- 
eytes with the resulting effect upon the 
respiratory function; and, on the other 
hand, by the overcharging of the entire 
system with the products of red cell 
disintegration. ‘These products of cell 
disintegration 1n arsine poisoning have 
not as yet been sufficiently studied. 
They consist of hemoglobin and _ its 
various derivatives which are split off 
from the decomposing erythrocytes; 
and of the albuminous compounds of 
arsenic, Which, although they have 
possibly lost their poisonous qualities, 
nevertheless act as foreign matter. 
All the of the body are 
charged with these fragments of ship- 


organs 


wreck—and it now becomes the task 
of the body to discharge this material, 
some of it foreign and some of it 


become foreign, although originally 


itsown. ‘The course of the disease is a 
convulsive struggle of the system to 
free itself of this ballast. Tirst the 
hemoglobin starts off in all directions; 
we can follow its motion to a certain 
extent. The kidneys and liver are 
principally affected, since these are 
Of the liver 


we have already spoken; the kidneys 


the organs of exeretion. 


are affected to a still greater degree. 
They are the only outlets for the poi- 
sons (hemoglobin and the solutions of 
arsenical albuminous compounds), and 
it is easy to see that they suffer first 
[lemo- 


and most of all the organs. 


globinuria is one of the first symptoms 


of poisoning. In the renal tubules. 
both the straight and the winding ones. 
the hemoglobin precipitates out of 
solution, forming casts that block the 
ducts. Besides this, the hemoglobin 
and possibly the arsenical compounds 
injure the actual epithelium, causing 
the formation of casts consistine of 
erythrocytes, granular and 
albumin. In acute cases this leads to 
a sudden breaking up of the functions 
of the kidneys—to anuria and oliguris 
of a mechanical rather than of a toxic 
character. The damage to the actual 
parenchyma of the kidneys is not very 
considerable. 


débris, 


This statement is justi- 
fied by the striking rapidity with which 
the kidneys recover. In only two 
of our cases did we have to deal with 
phenomena of a more or less protracted 
nephritis. In one of these, the nephri- 
tis lasted some ana- 
tomic as well as pathologic-histologic 
examination of the body showed that 
the injury to the kidneys was greater 
than that to the other organs. It is 
interesting to note that the glomerular 
apparatus 
whatever. 


weeks. Gross 


modifications 
The straight and winding 
tubules suffered most. 


showed no 


In places they 
were clogged with microscopic hemo- 
globinous casts. 

The phenomena in organs other 


than the kidneys, especially in the 
nervous system (sleepiness, headache, 


insomnia), must be aseribed to the 


toxic effect of hemoglobin and 0! 
arsenic, and perhaps to a_ rapidly 


developing shortage of oxygen. In 
considering the nervous system, we 
must mention an unevenness of the 
pupils, observed in three of the cases. 
disappeared 


In two of them = it 


rapidly. 
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The temperature level in our cases 
was seareely interrupted. The incon- 
iderable rises observed could in most 
of the eases be explained by secondary 
kidney complications. Thus, in the 
ease of Y, we observed a rise of 0.5° 
to 0.4°C. for three to four days. 

‘The respiratory center also remained 
comparatively uninfluenced. The 
rate of respiration in the most acute 
ease was 24 per minute; in Y’s case, 
9): and in the rest, still less. This 
fact is the more interesting since we 


have to deal with an enormous 
decrease of the oxygen absorbing 
capacity of the blood. We have 


observed a similarly slight reaction of 
the respiratory organs in a group of 


workmen poisoned by carbon mon- 
oxide. The shortness of breath, 
observed as a consequence of the 


blood’s being permeated with carbon 
dioxide, 1s caused by the irritating 
effect of carbon dioxide on the respira- 
tory center, and not by a lack of 
oxvgen. 

[n all of our eases the heart suf- 
fered comparatively little and soon 
Dull tones, a somewhat 
quickened pulse, functional murmurs, 


recovered. 


and in some eases a slight enlarge- 


inent were the only symptoms. of 
injury. 
(‘ONCLUSION 
‘hese various facts elucidate the 


role of arseniuretted hydrogen. It is 
strictly an hematolytie poison, and by 


its hematolytic action almost all the 


Svinptoms of poisoning may be 
explained. At the same time its 
ction is rapidly terminated. It 


— 
’ ,* 


spits up and evidently forms non- 


Polsonous or slightly polsonous com- 


binations with albuminous substances. 
The poisonous effect of the arsenic 
retained by the system is revealed 
later, when albuminous combinations 
of arsenic are decomposed, leading to 
toxic polyneurites. Polyneuritis in 
some of our cases developed in one to 
two weeks, in one case even four weeks 
after poisoning, and manifested itself 
as a pain in the nerve trunks, espe- 
cially in the extremities and between 
the ribs, as well as in a diminished 


sensitiveness. There was no motor 
derangement. 
The tenderness of the nerves 


observed at the beginning of the poi- 
soning must not be confounded with 
these phenomena of subsequent poly- 
neurites. ‘The early tenderness is a 
phenomenon of acute toxic irritation, 
quickly passing away—in five or six 
days. After a certain interval, a 
polyneuritis develops which disappears 
in a week or ten days. The patient 
then slowly returns to his previous 
state of health. 

In the cases reported we have been 
concerned with the question of the 
usual alterations in the body, and 
especially the that develop 
among workmen under the influence of 


blood, 


ordinary slight poisoning by arseniu- 
retted 

chronic 
hydrogen exist? This is the question 
that is the 
Cases of acute poisoning are serious, 
but if | 


exists at all, does not manifest anv 


hydrogen. Does a form. of 


yolsoning by arseniuretted 
a. « 


confronting fnstitute,. 


rare. Chronic poisoning, if it 


acute specific phenomena, but, 


repeated day after day, creates a 
chronic pathology, perverting the 
physiologic functions of the blood- 


generating system. 
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BEHAVIOR STUDIES IN INDUSTRY* 
Henry B. Evkinp, M.D. 


Boston, Mass. 


URING recent years, con- 
siderable interest has been 
manifested in the intensive 

study of human behavior. ‘This inter- 
est has been focused in the main on 
special problems such as delinquency, 
both juvenile and adult, and the aber- 
rant behavior of children and adults 
as. observed in’ mental defect and 
Although the majority of 
these activities have taken place in 
courtroom, schoolhouse, and 
service agencies, there has gradually 
arisen a definite but growing conscious- 
ness of the need for an adequate 
mental hygiene. ‘The study of the 
abnormal for the sake of the normal 
has been the stimulating aim of many. 
In others, the conviction has slowly 
grown that behavior studies in general 
not only will point out and explain the 
abnormal and the inadequate but will 
finally gain insight into the manifold 
forces that go to make up the group 
mind and will result in a deeper under- 
standing of the environmental influ- 
ences that surround the normal indi- 
vidual as well as of the influences 
striving within him. 

It is indeed apparent that in order 
to gain a full and well-rounded under- 
standing of human nature the adult in 
his industrial environment must be 
an object of study. Today our civill- 
zation is for the most part industrial; 


disease. 


social 


*Received for publication Sept. 23, 1924. 


Vol. 7 
No. 1 


and the importance of industrial influ- 
ences on human behavior must always 
be borne in mind. ‘Voday the family 
and the community are determined 
largely by the character and the loca- 
tion of the industries on which they 
are dependent. the 
social, and the political status of our 
population has been colored by the 


The economic, 


rapid and phenomenal development 
of modern The average 
man of today is so largely dependent 


industry. 


on his job for his well-being and happt- 
ness that his relation to his job is of 
great importance. What this rela- 
tion is; What preparation is commonly 
made for it; how effectual this rela- 
tionship is; in what ways the health 
and happiness of our workers are 
compromised, if at all; our 
workers live and meet the obligations 
of their work; whether man’s funda- 
mental strivings and yearnings are 
satisfied by his work; what the indus- 
trial influences are that make for a 
better social state or tend to disin- 


how 


tegrate our social fabric; and how 
our workers are adjusting themselves 
to these new but powerful influences 

these problems are numbered among 
the many to be solved by those who 
are interested in the study of the 
worker. ‘There is a definite and posi- 
tive relationship between industrial 
life and public health which makes 
studies of behavior in industry impera- 





tive. Studies of human behavior 
necessitate the full evaluation of phys- 
ical as well as of mental and _ social 
factors; and in this evaluation indus- 
trial hygiene and medicine are now 
ready to give great aid and to assist in 
the realization of an effective hygiene 
of the worker, the prime purposes of 
which are the maintenance of good 
health and the fostering of happy and 
effectual states of mind. 

In an investigation of working con- 
ditions conducted some time ago In 
a large mereantile house of Boston 
which was discussed in part in an 
arlier paper,! an attempt was made to 
determine what methods of study are 
apt to prove most profitable and prac- 
ticable in the industrial field, and to 
develop original methods of approach 
wherever possible. Psychologie tests 
were given, rating scales were devised 
and installed, clinical studies 
made of a number of girls who were 


were 


referred for adjustment of one kind or 
another, routine physical  examina- 
tions were made of a large number of 
the small group studied in order to 
determine the practicability of round- 
ing out the physical examinations with 
questions and technic of a psychiatric 
nature, and, finally, the investigation 
yas closed with a questionnaire which 
was not to be signed with the name of 
the employee filling it out. These 
studies and experiments were carried 
the health the 
employment departments, an oppor- 


out both in and in 
tunity which made it possible to view 
the problems of personnel adjustment 
from different angles. 

‘need 


exper! 


ast difficulty was 


in glvine the Otis General tntell- 
Miikind, Il. B.: Mental Ilygiene in 
Industrv. THis Jour., 1924-1025, 6, 113. 
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gence Examination. Here the only 
important obstacle was the inability 
to arrange for all to take the examins- 
tion at one time. The girls seemed 
to enter into the spirit of the experi- 
ment after a few minutes, although 
there was some discontent while get- 
ting ready. In the installation of the 
rating seale there was considerable 
inertia and skepticism to overcome, 
This took a good deal of time and 
effort, but was to be expected. As 
has been previously stated, a rating 
scale demands careful supervision and 
constant attention to all the details 
if any weight is to be given the results. 
Its value as a personnel instrument, 
however, cannot be controverted when 
one considers what an Improvement 
it is over older methods of observation 
and control. 

the clinical studies 
made in the health department, to 
which cases were referred because o! 
intrinsic medical 
some difficulty of adjustment to job, 
‘cannot be overestimated. ‘They tndt- 


The value” of 


some problem or 


cate quite clearly the necessity 0! 
evaluating the physical, mental, and 
social factors in all cases if one wishes 
to obtain a true insight into the 
mechanisms operating toward satis- 
and permanent) adjustments. 
ior illustrations of this principle one 


is referred to the eases cited in the 


fying 


paper previously published. ! 
In the attempt to include psyehiat- 
the 


variable 


. . . . ° ] 
ric technic in routine physica! 


examinations, results wer 
obtained. Some of the workers W 
frank and accessible: others were taci- 
With 
, ; 


some it was difficult to be sure that the 


turn and uneommunicative. 


replies were truthfully given; a ics 


seemed resentful. In the sphere 0! 
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cox, considerable resistance was offered 
; a number of cases; therefore ques- 
tions about this activity were later 
not included. In properly evaluating 
these unusual results, comparison with 
other the 


eyehiatrist is of great assistanee. In 


studies made by Sune 


Ds, 
his other studies the author has had 
fruitful and — pleasant 


found resistanee to 


echo =omore 
| has 


mu 
results, and 
the innovation much less. it must be 
admitted, however, that a great deal 
depends on the nurse who introduces 
If she 
is tactful and states the purpose of 
fully and 
explaining that the psvehtatrist may 
which first 
thought may not wish to answer, and 


the patient to the psyehiatrist. 
the examination frankly, 


ask questions one on 


ii she urges the necessity of frankness 
and of eomplete co-operation, the 
results are remarkably good. This 


method eliminates the prude at once, 
and saves the psychiatrist much effort 
and time. in the case of minors, how- 
it was found best to ask as few 


ever 


questions about sex matters 


Where 


process, either mental or physical, was 
? 


as pos- 


sible. some definite disease 


ound, or was suggested by the first 


examination, permission for a complete 


and thorough examination was 
obtamed from the parents or the 


guardian. This method of approach 
has obviated all possible objections 
that might arise later. 


As has 


experiment 


’ 
ist 


the 


4 on 
this 


been mentioned, 


attempted in store 
was that of the anonymous question- 
This 


to developing 


naire, vas devised with a view 
method of 


previously attempted 


SOrmne 
approach not 
Which did not require the giving ofa 
Physical examination and which would 
reliable the 


Secure 


‘ 
1 


information with 


least amount of disturbance to the 


working foree or to the management 
and in a minimum period of time. 
Individual interviews are certainty 
time-consuming, and from this point 
of view alone are objectionable. 
Where one has to study a very large 
group of workers, the attempt would 
be very impracticable. The question 
of rehability is another difficulty to 
overcome. It seemed quite apparent, 
that while a number of workers might 
the 


the majority would answer the ques- 


be openminded to Interviewer, 
tions of an anonymous questionnaire 
with at least equal, if not) greater, 
truthfulness. The advantages of a 


re, of 


—_ 


questionnaire; course, many, 
The questions are standardized and 
are carefully drawn up so that ambigu- 
OUS replies should be the exeeption 
rather than the rule. One can pass 
out a questionnaire to as large a group 
as is available, and the time consumed 
the 


practically 


and iInconventenee  enused are 


negligible. ‘Phen agai 
the replies can be studied, carefully 
tabulated, 


statistical 


and finally examined by 


methods. One gs certain, 


especially, that the questions asked 


each employee are identical oa feet 
Which rarely is the case where — indi- 
vidual interviews are given. ‘This is 


of extreme importance if statisties| 
significance is to be given to the con- 


clusions derived, 


Py the tine the speemlly devised 
questionnaire owas given to. the 


employees to fill out, the e: 


juniors discussed in the paper already 


referred to had deereased im number 
from about 150 to 125. 
(111) were 
Ld to 24. 


passed out to 


Phe majority 


females, ranging in age trom 


The questionnaires were 


about eyehty opyls and 
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sixty-five (about 80 per cent.) were group. The results of this question- 
filled out and returned, giving data naire, together with a brief discussion, 
for 58 per cent. of the entire female follow. 


QUESTIONNAIRE 


Real questions carefully. Take yourtime. Donot sign yourname. Wewant the informa- 
tion and not who gave it. When you are through enclose this in envelope and seal. Write 


legibly. 
l. Age....years. ee 
Age: 15-— 16— 17— 18—- 19— 20- 21- 22- 23- 24 and over Total 
0 6 14 13 M11 6 7 2 2 4 OS 


Sez: All females. 


2(a) How many minutes did it take you to get to the store from your house this morning? 


a minutes. 
Minutes: 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 SO-S9 90-99 No Answer 
1 4 15 17 13 o 3 2 2 0) 5 
(b) How many minutes did it take you to get to the store from your house yesterday 
morning? Answer........ minutes. - 
Minutes: 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 SO-S9 90-99 No Answer 
] 5 1] 19 12 a 4 0 l l 7 
3. How long did it take you to eat your breakfast this morning? Answer........ 
minutes. 
Minutes: 0-5 6-10 11-15 16-20 21-25 26-30 No Answer 
3 12 23 20 1 2 | 


4. Did you eat breakfast this morning (Underline which) 


At Home Joarding Ilouse Lunchroom Lunchroom No Answer 
(near home) (down town) 
5S 2 l ] 3 


5. What did you eat for breakfast this morning? (Underline the things you ate) 


Meat Fish Milk Butter Bread Coffee Tea Cocoa Cake Pastry Eggs 
‘ or 
ov” 


5 2 7 34 56 4? 13 4 7 ] 
Fruit Biseuits Griddle Cakes Cereal No Answer 
24 8 3 27 2 


6. Recreation. How many evenings did you spend away from home last week. An- 


gwer........ evenings. 
Number of Evenings:0 1 2 38 4 5 6 7 No Answer 
9 6 11 20 8 5 3 2 H 
7. Which of the following amusements do you enjoy the most? (Underline which) 
Dancing Movies Theater Outdoor Sports Night Parties Bowling Pilliards 
OS 31 20 3] 12 2 0 
Mah Jong Cards Concerts Lectures No Answer 
2 o 1] 3 0 


5. Reading. Do you read? Underline whi 
Not al All ce sionally A (rreat Deal No An rer 
0) 
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‘hat kind of books do you enjoy reading the most? (Underline which) 
7 JY \ 


Biographies Autobiographies ‘Travels Detective Stories Science History 


a 3 (3 12 14 16 
Love Stories No Answer 
Ad S 
At what hour did you retire last evening? Answer........ o'clock. 
At what hour did vou arise this morning? Answer........ o'clock. 


1 determining the number of hours of sleep the latter was subtracted from the former) 
Hours of Sleep: 5-6 6-7 7-S 8-9 O10 10-11 I1-12 12-138 No Answer 


2 6 if 22 133 Z l 0) 2 
(1, At what hour did vou retire the night before last? Answer........ o'clock. 
At what hour did you arise yesterday morning? Answer........ o'clock. 


in determining the number of hours of sleep the latter was subtracted from the former) 
Hours of Sleep: 5-6 6-7 7-8 89 910 10-11 1-12 12-18) No Answer 
4 5 13 17 1) 7 2 I () 
i. ILave you suffered today from any of the following, either slightly or severely? 
(Underline as many symptoms as will describe your condition. If you do not have any of 
the following symptoms so indieate) 

Headache Backache Stomachache Cold in Head Indigestion Cough Weakness 
() l Q) p | Q) () 
Painful Menstruation Nervousness Constipation No Complaint No Answer 

2 y 4 () ol 16 


(One girl wrote ‘“‘Toothache.’’) 


3. Are you satisfied with your present job?) (Underline) 
Yes No No Answer 
4S 12 Db 


lt. What work do you prefer? (State fully) 


(hifty answered: 15 did not.) 


|. Dress designer. 15. Stenography. 
2. Clerical. IG. Typewriting, 
4. |’resent. 17. Ollice work, 
t. Anything better than stock girl, More 18. Tlousekeeping. 
money. 19. Nursing. 
». Store, 20. Oflice work, 
f. Store work. Just what I am doing. 21. Store work, 
¢. Selling is what I like best. 22. Millinery. 
Olice work where | meet people. 25. Store work. 
%. | prefer office work, preferably some- 24. Oflice, 
thing with a future. 25. Pypewriting-—office work. 
I() ling. °6. Clerieal. 
' Clerical in department such as an 27, Cashier or offices. 
sistant to buyer, 98. Cashier. 
Clerical. 29. Anything but what Iam doing— coshier, 
Would like to do some typewriting but stock, stock-record, 
am not quite prepared yet. Also 30. Salesgirl, 
shorthand. Ol. Cashier, 
li. Assistant buyer of dresses. $2. Cashier, Office work. 











22 


33. Present position. 

34. Cashier. 

35. Cashier. 

36. Present. 

37. 1 prefer nursing but am unable to do it 
so | would like buying. 

38. I prefer office work. 

39. I don’t know just what I’m capable of. 

40. | want something where I am not 


transferred everywhere. 
41. My present position—stenography. 


15. 
(Underline) 
Yes 


23 


No 
36 


Kindly fold paper. 


Jnelose in envelope and seal. 
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42. Work that requires initiative. 

43. Cashiering. 

44. Bookkeeping preferably. 

45. I prefer to become a stenographer, 

46. I would rather be a stenographer or 
bookkeeper than running about town, 

47. Secretarial work. 

48. Singing. Othee work. 

49. Clerical work. 


50. Artistic line. 


Are you at present time taking up some special course of study in your spare time? 


No Answer 
6 


Do not write your name, 


Supplementary Analyses 


Questions 8 and 9: Reading.— 


Biography Autobiography Travels Detective Stories 
Occasionally (41) 0) l 2 6 
A Great Deal (21) 4 2 4 6} 
Science History Love Stories No Answer 
(Occasionally) 13 1] 26 7 
(A Great Deal) l o 1S l 


(juestion 12.—Of these six suffering from headache, only one gave additional symptoms 


These were cold in head and backache. 


Questions 13 and 15.—Of those answering ‘‘no”’ 


special course of study in their spare time. 


DISCUSSION 


with this 
questionnaire suggests the more com- 


Mavorable experience 
mon use of this method in industrial 
studies. Although the of 
questionnaires studied is small, it is 


number 


a representative sample of the whole 
junior 
which is itself small. 


c 


group of female employees 

In discussing the question of reli- 
ability, one has no statistieal criteria 
from other sourees with which to cheek 
the results. They seem to correspond, 


however, with the impressions of the 


store physician who has had more or 
less intimate acquaintance with this 
group for over five years. Many of 


The remainder gave no other symptoms. 


to Question 13, eight are taking some 


ame ] 


the figures are self-explanatory, and 
only those deserving detailed con- 


sideration will be discussed here. 
Question 2.—This was given in two 

parts practically alike in order to be 

They were 


included because commutation to and 


somewhat self-checking. 


from work appeared to be of some 
importance as a factor in the question 
of industrial fatigue. It may be salels 
assumed that it takes about the same 
return home as 


The results of 


amount of time to 
takes to go to work. 
both questions indicate that the mode 
for this group falls in the class thirt 

to Approx!- 


mately one-third find it necessary | 


thirty-nine = miunutes. 


BEHAVIOR STUD 


enond fifty or more minutes in getting 
a work. ‘The majority spend less 
shan forty minutes in doing so. In 
metropolitan cities the factor of com- 
mutation must be given some weight 
1) the study of fatigue, especially 
since a fairly large proportion of the 
employees take two or more hours 
traveling to and from work, 

This 


beenause it was felt that many depart- 


Question  &. was ieluded 


ment store employees do not take 
sufficient time to eat their breakfast, 
The 
ficures here suggest that for this store, 
Slightly 
more than a third take twenty minutes 


More third 


eleven to minutes: 


rising late and rushing to work. 
at least, this is not the ease. 
take 


the 
remainder, less than a third, take ten 


than a 
fifteen 


or more. 


from 


minutes or less to eat their breakfast. 
The thst 
some effort should be made through 


results suggest, however, 
have all 
fifteen 
minutes to eating their breakfast. 

The this 
question suggest rather definitely that 


educational methods to 


employees devote at least 


Question dD. replies to 
the popular breakfast of the employees 
consists of bread and butter, coffee, 
and 


and eggs; many take also fruit 


eereal. Vhis should he considered «iS 
being a rather substantial breakfast; 
and, if representative of what is eaten 
throughout the year, would) suggest 
that the nutritional requirements are 
fairly well satisfied for the majority in 
so far as breakfast is concerned. 
(uestions 13, 14,and 15---Only 20 per 


cent. of the group answering this ques- 


tlon indieated that they were not 
satished with their present job. 
Whether this represents the true 


amount of dissatisfaction may be 


cuestioned., 


Of those answering “no” 


KS IN 
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to this question, eight were taking up 
special courses in their spare time and 
this might aeeount to some extent for 
feeling satished with their 
positions, = In 


their not 
view of the character 
of the replies to Question [4, one may 
well assume that a large part of this 
seeming dissatisfaction is due toon 
feeling of unrest whieh is healthy and 
brought about by the various ambi- 
tions which many seem to possess. 
In faet, many apparently enjoy work- 
ne in this store, but desire better or 
‘These Inet 


cate plainly the need for considerable 


other positions. results 
personne] work mm order to effeet more 


efficient and satisfying adjustments. 


SUMMARY 


ln oa study of working conditions 


made a few months ago ino a large 


mereantile establishment of Boston, 


“a number of methods of 


approach 
were utilized: psychologic bests, oa 
spechilly devised rating seale, clinteal 
studies of cases referred for adjust- 
ment, routine physical examinations 
which included questions and technic 
of a psychiatric nature, and finally an 
snonymous questionnaire, “Phe results 
of the questionnaire are here given in 
detail the the 
method and, in particular, its practic 


the field 
the pomt of view of administration. 


and show value of 


cability on industrial from 

One may conclude from a study of 
this questionnaire that) this group ol 
junior employees show up quite fayvor- 
The department store employ- 


foo] 
pride aim the result. Phe tajority 


ably. 
ing them should considerable 
spend not more than forty minutes an 
going to work and in returning home 
With 


home 


after closing time. few excep- 


tien they all live aul ae (| eabon, 
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fairly hearty breakfast. They could 
possibly give a little more time to 
eating. In spending their evenings 
away from home there is little to indi- 
cate indulgence in excesses. Practi- 
cally all do some reading and show a 
healthy interest in the type of reading 
they pursue. They arrange their 
daily routine apparently in a sound 
manner and give a sufficient number 
of hours to sleep. They now and then 
have minor complaints but none in 


excess. They would do well to have 
periodic health examinations. The 
majority seem satisfied with their work 
and many show a healthy unrest and 
a desire to get ahead by taking up 
special courses of study in their spare 
time. There are definite indications 
for intensive, intelligent personnel 
work which would result in more 
effective adjustments to the economic 
advantage of both the firm and the 
employees. 
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URING the latter half of the 
eighteenth century, much 
productive study was made 

of the composition of air, and es- 
pecially of respired air. Some _ of 
the names associated with this work 
are Lavoisier, Priestly, Ruthford, and 
Scheele. Hutchinson (1) considered 
this period the second great epoch 
in the history of the study of res- 
piration. 

Apparently the first attempt to 
investigate the volume of air taken 
into the lungs at a single breath was 
made by Borelli in 1679. Within 
the next 100 years, Jurin, Keill, 
Thompson, Davy, Goodwin, Kite, 
and others made observations on 
vital capacity with the result that a 
wide diversity of opinion existed as 
to the normal vital capacity of the 
lungs. This is easy to understand 
when it 1s considered that no standard 
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or 


instrument had been devised for 
measuring accurately the vital capac- 
ity and that the observations of 
most workers were limited to a very 
small number of persons. In 
instances only a single case was re- 
ported, and the size and the condi- 
tion of the body were apparently 
given little consideration. 

Seemingly it was left to Hutchin- 
son (1) to place on record the first 
painstaking and scientifie investiga- 
tion of the vital capacity of man. 
His paper, published in 1846, con- 
tained illustrations and descriptions 
of the spirometer which he had in- 
vented and, in addition, presented 
the results of his observations of 
approximately 3,000 people, some of 
whom were in good health while 
others were suffering from diseases 
of the lungs. MHutchinson’s work 
also paved the way to the accurate 
measurement of the tidal air, the 
supplemental air, and the comple- 
mental air, to the calculation of the 
residual air, and, later, to the col- 
lection of respired air for basal me- 
tabolism determinations, ete. ‘This 
may be considered the beginning of 
the third great epoch in the history 
of the study of respiration. ‘That 
Hutchinson was a true scientist can- 
not be doubted after one reads the 


some 
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following concluding paragraphs of 
his paper. 

The 
founded upon a 
immutable 


matter of this communication is 
vast number of facts— 
truths, which are infinitely 
comprehension. The dedue- 
tions, however, which I have ventured to 
with 


bevond my 


draw therefrom, I wish to advance 
modesty; because time, with its mutations, 
may so unfold science as to crush these 
deductions, and demonstrate them as un- 
sound, 

Nevertheless the facts themselves can 
never alter, nor deviate in their bearing 
upon respiration—one of the most impor- 
tant functions in the animal economy. 

Hutchinson stated that the vital 
eapacity of man may be considered 
as a constant quantity, but that this 


quantity is directly disturbed or 
modified by four circumstances 
namely, height, weight, age, and 
disease. 


During the next fifty years, Simon 
(2), Fabius (3), Wintrich (4), Arnold 
(5), Miller (6), Waldenburg (7), 
Cornet (8), and others made exten- 
sive studies in vital capacity. 

It was during the world war that 
the vital ‘capacity test found 
one of its most useful periods. For 


lung 


various branches of the service, men 
needed in great 
time did not always permit a careful 
and complete physical examination; 
any test, which 
quickly eliminate those afflicted with 
serious conditions of the heart 
the lungs was of great value. 
(9), working with the British forces, 
pointed out that the vital capacity 
test was being used as a routine in 
the for 
the British Flying Service and that 


elec. 


were numbers and 


therefore, would 


and 
Dreyer 


examinations of candidates 


it served as a decisive factor in 
tion to or rejection from that service. 


It was this experience whieh sti:- 
ulated Dreyer to investigate furthey 
the subject of vital capacity and to 
report his valuable findings on the 
subject. Schneider, working with 
the American forees at the same time. 
made considerable of the 
lung capacity test. 


use Vital 

Already the vital capacity fire was 
burning in Ameriea, for Peabody 
and Wentworth, West, and others of 
Harvard were investigating this sub- 


ject and publishing the results of 
their splendid work. In the fall of 
1920 Professor Dreyer spent con- 


siderable time lecturing on this sub- 
various 
So stimulating and = con- 


ject) in medical centers of 
America. 
vineing were his lectures that numer- 
ous investigations in various parts 
of this country followed in his wake. 
These investigations have been con- 
cerned not only with the vital ca- 


pacity of normal individuals but also 


with the effects of certain diseases 
on vital capacity, with the result 
that many findings of the earlier 


writers have been confirmed sand a 
good many new facts have been and 
will added to 


continue to he our 


store. 


NORMAL VITAL CAPACITY 
STANDARDS 


It is obvious that before any test 


ean render its greatest service rea- 


sonably accurate normal standards 
must be developed for comparative 
Hutchinson 


his work on vital lung capacity several 


purposes. Since began 


normal standards have been pre- 


sented, such as the standing height 
standard, the sitting height standard, 
the chest circumference standard, the 
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surface area standard, and the body 
weight standard. We shall 
briefly the development of the more 
important of these normal standards 
and their relative value in the light 
of present-day Investigations. 
Standing Height) Standard.-—-West 
(10) has econeluded that “lor quick 
clinical work, where it is not practica- 
ble to obtain the net weight of the 
patient nor to make extensive measure- 


consider 


iments, a simple comparison between 
the vital the height 
will give a value which will closely 
approximate — the that 
individual, though varina- 
tions by that method 
than when the surface area is used.” 


capacity and 


normal for 
individual 
are greater 
West found that for every centimeter 
in height a man gains 25 ¢.c. of alr, 
while a woman gains only 20.) ¢.c. 
and Platt (11) 
have found these ratios quite satis- 


Bowen and others 
factory. Our tables were prepared 
from the ratios given by West. 
soynton (12), Shepard (13), Maeder 
(14), Cady (15), Myers (16) 
have applied these tables to good- 


and 


groups of normal men and 


and 
satisfactory results. 


sized 


women have obtained quite 


Qne advantage 
in using the standing height standard 


is that it is not affected by the 
obesity of the subject. 
Surface Area Slandard.—-In 1917 


Peabody and Wentworth (17) con- 
ceived the idea that a close correla- 
tion exists between the vital capacity 
of the lungs and the surface area of 
the body. They made a few observa- 
tions which proved very satisfactory, 
suggested that oa 


whereupon they 


fudy be made ona larger number of 
West (10) took up this 


and in 


clin luals. 


JO) publi hed = ti 


1] 
PLOmiem) 


results. He found that for each 
square meter of body surface men 
have a vital eapacity of 2.5 liters, 
while women have a vital capacity 
of only 2. liters. At the 


time this method of West's is beeom- 


present 


Ing quite generally adopted because 
it is easy to use and apparently is as 
avecurate as any method in use. 

Body Weight) Standard.—In 
Dreyer (9) presented a 


Log 
formula for 
obtaining the normal vital capacity. 
This formula is based on body weight, 
but body surface area is given due 
consideration, 


After) the examination of more 
than 12,000 normal persons at the 
University of Minnesota, we have 
arrived at the conelusion that the 


surface area and body weight methods 
of West and Dreyer are most satis- 
factory in obtaining the theoretical 
normal vital capacity of a given per- 
son. It matters little which of these 


methods is used. In order to save 
time for the physician we have con- 
structed tables (18) (19) from which 


one may quickly obtain the percent- 


age of the theoretical normal vital 

mapacity which any given person 

presents, 

Pactors Ovrner ‘THAN DIShASE 
Wrioo INenuence ‘vim Norman 
VirTan Caraciry of ‘THe LUNGS 
Physical Training. -In using the 

normal vital capacity tables one 


finds a few persons who present vital 
lung capacities of as much as, or more 
than, 125 the 


Usually these are people who have 


per cent. of normal. 


done hard labor, such as farm work, 


Or who have bye rh eelive in athletics 
) 


or have tramed the yvoree for singing 


) 


or have played a wind instrument 
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throughout a long period of time, 
or have indulged in some. other 
activities which have led to an over- 
development of the lung capacity. 
Such individuals with over-developed 
lung capacities represent a more 
important group than one is apt to 
believe at first thought. Members 
of the group, after developing diseases 
of the heart or the lungs which de- 
crease their vital capacities, may 
still have capacities of more than 
100 per cent. of the theoretical nor- 
mal. ‘The mere fact, therefore, that 
a given individual presents a vital 
‘capacity of 100 per cent. or more of 
the theoretical normal does not prove 
that that individual is free from heart 
or lung disease which may indeed 
have definitely decreased his vital 


capacity. 
Occupation.—Ever since vital ca- 
pacity has been studied it has 


been said to be materially influenced 
by occupation. Hutchinson grouped 
his cases according to their occupa- 
tion, as did numerous succeeding 
investigators. Dreyer (20) believes 
occupation to be so important that 
he groups all people into three classes, 
which he designates as A, B, and C. 

Foster and Hsieh (21) found that 
“Occupations seem to influence the 
vital capacity to some extent, al- 
though not in proportion to the degree 
of physical activity.” It must be 
borne in mind that, while occupation 
plays a considerable réle in the vital 
capacity of a given case, there is much 
individual variation in vital capacity 
and that not all persons in a given 
occupation have uniformly low or 
high vital capacities. 

Sex.—Fabius (3) and Wintrich (4) 
pointed out that a definite difference 
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exists between the vital capacities 
of men and women. Wintrich found 
that the sex variation is very slight 
during the early years but becomes 
more noticeable after the fifteenth 
year of life. Stewart (22) has shown 
that from the age of 
4 years the vital capacity of boys is 
constantly slightly greater than that 
of girls until about the age of 14 
years, When the sex difference be- 
comes more marked. Wilson and 
Edwards (23) found that the vital 
‘apacity of boys is 6 per cent. greater 
than that of girls. 

In senile individuals Wintrich (4) 
found that in general the sex dif- 
ference continues up to the greatest 
ages. ‘This finding was recently con- 
firmed by Myers and Cady. The 
differences due to sex between young 
adult life and senility are such as to 
require separate normal standard 
tables for the two sexes. 

Age.—Hutchinson (1) believed that 
the maximum vital capacity of an 
individual is reached about the 
thirtieth year of life. Stewart’s (22) 
recent studies led him to believe that 
the maximum vital capacity of the 


graphically 


lungs is reached in boys about the 
twentieth year and in girls slightly 
varlier than that time. 

Wintrich (4) pointed out that the 
ratio between the height 
and the vital capacity varies with 
the different ages of childhood and 
differs markedly from that in adult 
life. Recently, Stewart (22), Wilson 
and Edwards (23), and Emerson and 
(24) made 
studies on the vital lung capacities of 
children and have shown that stand- 
ards used for adults are not applicable 
to children. 


standing 


Green have extensive 
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y and Wentworth (17), 
West (10), Pratt (25), Melxean (26), 
Bowen and Platt (11), and Lemon 
and Moerseh (27) ealled at- 
tention to a decrease of vital capacity 
in old age. Myers and Cady (28) 
observed that in individuals 
who eontinue to lead active lives the 


Peal ody 


have 


those 


vital capacity does not decrease so 
much as in those who retire from work 
at the age of 50 to 60 years. They 
helieve that those who do not retire 
until unfortunate physical conditions 
compel them to do so have a higher 
percentage of physical fitness and 
lead mueh happier lives than. their 
retired friends. 
Obesity.--Itutchinson = (1) 
that an exeess weight of 7 per cent. 
the vital 
Reeent  in- 


taught 
or more interferes with 
capacity of the lungs. 

vestigations lead one to believe that, 
only extreme obesity is capable of 
actually reducing the vital capacity, 
and then beeause of the deposit. of 
fat in the abdomen and thorax which 
limit 
excursion 


may somewhat the diaphrag- 


matie and thus decrease 


the capacity of the thorax. It has 
stated (11) that in dealing with 
may the 


if the surface 


been 


obese individuals one Use 


height standard, or, 
area standard is used, 20 per cent. 


should be added to the observed 
vital capacity. 

Posture.—Christie and Beams (29) 
found that when the subjects were in 
a reclining position the vital capacity 
averaged 5.5 per cent. lower than 
when they were in the sitting nosture, 
(50) 


this subject and found that if 


Rabinowitch Investi- 


oot ] 


aa | Ci 


recently 


the vital capacity observed in’ the 
recumbent position is multiplied by 


the constant 1.075 the product may 


the vital capacity 


individual 


be aeeepted as 
which the 
present in 


sme would 
the 


This is an important subject, inasmuch 


standing position, 


as one is) frequently compelled to 
examine aeutely ill patients i= the 
reeumbent position and should know, 
therefore, approximately how muceh 
of the 
is due to posture. 

Race and Nationality. Wilson and 


Mdwards (31) examined a group of 


reduction im vital eapaeity 


thirty-eight average normal colored 
children ranging from S to Ll years 
They the 


pacity strikingly helow that of any 


of age. found vital en- 


other group studied and stated that 


“these findings suggest a possible 
Foster and Tsieh (20) 
HOO 


In several oecupations, tneluding a 


racial factor.’ 
made observations Or C‘hinese 
number of 
found that 


young women. ‘They 


“the Chinese show mueh 


lower vital capacity ratios than 
Westerners.” The work whieh Dr. 
Concepcion (82) has under progress 


at Manila promises to throw much 
heht on this subjeet. In small groups 
of Chinese and Philippinos, LT have 
found the vital capacities lower than 
among the white race. 

Dreyer (20) says, “If a person is 
found to have as much as 10) per 
cent less vital capacity than is normal 
for his class, if is probable that he as 
suffering from some health depressing 
condition and if he is as mueh as 1 
the 


if, is practically certain 


normal limart, 
that he os 


per cent below 
abnormal in this respect.” 

After a careful study of a group of 
Wilson (31) 
that “SA vital 
capacity measurement of 15 per cent, 
the 


children, and iédwards 


state reduction af 


or more, from average normal 
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standard should single the child out 
for further physical and roentgeno- 
graphic examination.” 


DISEASE Factors Wuicu INFLUENCE 
THE VITAL CAPACITY OF THE 
LUNGS 


It has been proved that disease of 


certain organs besides the lungs, 
and particularly of the heart, is 


capable of reducing a person’s vital 
lung capacity. Abnormal conditions 
within the chest which decrease the 
vital capacity may be classified as 
(1) those of present clinical signifi- 
and (2) those of no present 
clinical significance. 


cance, 


Diseases of Present Clinical 
Significance 


diseases of 


which 
are: 


the 
significance 

lung capacity 

bronchitis, 


Some of 
clinical 
vital 
disease, 


present 
decrease 
cardiac 
pleurisy, pneu- 
monia, pulmonary tuberculosis, and 
pneumothorax. 

Disease.—Von Basch (33), 
Rubow (84), Siebeck (85), Peabody 
and Wentworth (17), Levine’ and 
Wilson (36), Adams and Sturgis (37), 
Ulrich and Nathanson (38), Burton- 
Opitz (39), Pratt (25), Lattimore (40), 
Ziskin (41), and Levison (42) have 
made valuable contributions to our 


Cardiac 


knowledge of vital capacity in heart 
disease. The work of these investi- 
gators has proved that vital capacity 


readings aid in diagnosis, in prognosis, 


and in cuiding the treatment. It 
has been pointed out (Ulrich and 
Nathanson) that in-patients com- 
plaining of cardiac symptoms the 


vital capacity aids in determining 


the presenee Or absence of cardiac 


involvement. Some | striking eases 
are cited of patients who appeared 
to have marked symptoms of e¢ardige 
disease, yet their vital capacity was 
normal and further examination 
proved the absence of cardiac disease. 
Adams and Sturgis (37) found that 


in 100 patients with “effort-syn- 
drome,” complaining of dyspnea, the 


vital capacity was within normal 
limits. Levison (42) says, “The vital 
capacity of cardiac patients runs 
roughly parallel to their dyspnea and 
this fact may be utilized in differen- 
tiating true from false dyspnea.”’ 

On the other hand, when cardiac 
disease does exist the vital capacity 
test gives reasonably accurate in- 
formation concerning the functional 
capacity of the heart. Peabody and 
Wentworth (17) and Ulrich and 
Nathanson (38) have shown that the 
reduction in vital capacity closely 
follows the clinical condition of the 
patient, varying directly with the 
degree of cardiac impairment. It 
has been stated that, as a rule, the 
lower the vital capacity, the poorer 
the prognosis. This does not hold 
true in every case, however, since 
certain patients with acute decom- 
pensation may show a very low vital 
capacity which increases materially 


as compensation is established. 
Other patients, on the verge ol 


developing decompensation or other 
conditions which usually warrant a 
grave prognosis, may have a good 
vital capacity. This represents the 
actual functional capacity of the 
heart at the time the reading is taken, 
but yields no information as to th 
progressiveness of the lesion. Sub- 
sequent readings, however, may show 


a gradual decrease in spite of treat- 
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ment. Sueh findings usually warrant 
4 bad prognosis. 

Ulrich and Nathanson (38) believe 
that possibly the greatest aid which 
che vital capacity test offers in car- 
diac cases is in relation to treatment: 
“It (1) gives us a measure of the 
results of treatment; (2) indicates 
the maximum point of response to 
treatment; (3) establishes a cardiac 
tolerance for work; and (4) shows 
whether this cardiac tolerance 
work is inereasing or diminishing.”’ 
They believe further that just as we 
frequently examine for glycosuria in 
eases of diabetes in order to deter- 
the 

his 


for 


whether patient is re- 


within 


mine 
maining carbohydrate 
tolerance, so also we may frequently 
the vital capacity 
cases in order to determine 

the 


‘ardiac tolerance. 


apply test in 
cardiac 
whether patient is remaining 
within his 


Pratt (25) says: ‘““The graphic ree- 


ords on the charts of these and 
similar eases show the value of 
long continued observations of the 
vital capacity repeated over a long 
period of time in) measuring the 


increase or decrease of cardiae power. 
They will be found to be a distinct 
uid in the treatment and prognosis 
of heart disease.”’ 

Stewart (22) found that “Children 
may have a normal vital capacity 
even in the presence of a 
insufficiency of the mitral 
and 


definite 
valves, 

little 
tendency to dyspnea on 
exertion. In 
vital 
and the tendency to respiratory em- 
the 


these individuals show 
abnormal 
more serious cases the 
reduced, 


capacity is greatly 


barrassment is proportional Lo 


reduction in 


When 


the condition of the heart improves, 


lung capacity. 


the vital 
creases.’ 

Wilson Mdwards (43), after 
studying the vital capacity of ehil- 
dren with heart 
that “Vital 
show a 


eapacity gradually — in- 


and 


disease, eoneluded 
mensurements 
the 


gauged by 


eapacity 


close” relation. to heart 


functional capacity, as 
the exercise tolerance. They cannot 


be considered quite so reliable an 


index of diminished eapaeity for 
physical aetivity in children with 
heart disease beeause of the wide 


the normals 


and the chance of other complheating 


variation obtained in 
factors.’ 

In 156 eases of chrontie 
Myers (44) 
found that the average vital capacity 


Bronchitis. 


bronchitis, and Cady 
was 101.1 per cent., while in twelve 
LOO) per 
the theoretical normal. In 


with 


acute cases if was eont. of 
162 cases 
peribronchial infiltration — re- 
the X-ray the 
vital capacity was found to be 1Ot 
per cent. of the 
Thus, it appears 


tions 


vealed hy WVECTaAge 


theoretical mornial. 
that 
the = vital 
very little or not at all. 

Wentworth = (17) 
found that the vital capacity may 
be reduced 


such condi 


decrease capacity 


Peabody — and 
to a considerable extent 
during an attack of aeule bronchitis. 
In children suffering from acute bron- 
chitis, Stewart (22) observed a tem- 
porary reduction in vital capacity. 
He points out that the presence of 
considerable mucus in the tubes often 
the 


of expiration and thus prevents com- 


provokes coughing toward end 


plete expiration. 


Ili MPisye Ir Acule fibbrimous pleu- 


risy the vital capacity may appear 


to be greatly deereased because of 


the severe pial which makes if itn 
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possible for the patient to take a 
deep breath. Severe acute fibrinous 
pleurisy, accompanying such condi- 
tions as pneumonia, pulmonary ab- 
scess or pulmonary carcinoma, often 
lowers the reading very greatly. 

In cases of serofibrinous pleurisy, 
the reduction in vital capacity de- 
pends to a large extent on the amount 
of fluid in the pleural cavity. In 
purulent Graham = (45) 
showed that it 1s greatly reduced. 
“That this reduction does not de- 
pend merely upon the presence of 
the fluid exudate in the pleural 
cavity 1s shown by the fact that an 
appreciable inerease in the vital ca- 
pacity oecurs only gradually after the 
removal of the exudate.” 

It has recently by 
Sturgis, Peabody, and Hall (46) that 
when the chest is bound down with 
a swathe the vital capacity may be 
reduced approximately 50 per cent. 


pleurisy 


been shown 


and the maximum  minute-volume 
about 50 per cent. In this work 
it was demonstrated that the sub- 


jective sensation of dyspnea increases 
as the actual minute-volume = en- 
croaches upon the maximum minute- 
volume. ‘The condition produced in 
this work is believed to simulate 
closely that in pleurisy with effusion 
where the vital capacity is reduced. 
“The essential 
which 


‘ause of the variation 
occur in the maximum 
minute-volume is an alteration in the 
vital capacity of the lungs and this 


may 


may, therefore, be regarded as a 
practical index of the maximum 


minute-volume.”’ 
Pneumonia.—-Peabody and Went- 
worth (17) reported patients 
convalescing from pneumonia in 
whom the vital capacity varied be- 


five 


tween 71 and 114 per cent. of tho 
normal. After a study of some 
twenty cases Myers (47) stated that 
there is probably no acute disease 
of the respiratory tract which go 
reduces the vital capacity from the 
beginning as does pneumonia. The 
vital capacity test is, therefore, 4 
valuable aid in early diagnosis. |} 
has been possible to take vital ea- 
pacity readings on patients suffering 
from acute respiratory — infections 
(other than pneumonia) and_ other 
acute diseases with symptoms closely 
simulating those of pneumonia and to 
select those developing this disease 
from the vital capacity test alone, 
In pneumonia the vital capacity is 
reduced tremendously and the re- 
duction is not consistent with the 
extent of involvement; persons with 
disease limited to one lobe or even 
a part of one lobe may have a vital 
capacity as low as those with much 
more extensive involvement. Usu- 
ally the maximum reduction is 
reached on or near the day of the 
crises. After this time, if 
lescence is undisturbed, the vital 
‘apacity supplies a valuable index 
as to the clearing up of the lesions. 
In cases of unresolved pneumonia 
or in the development of such com- 
plications as lung abscess or empyema 


COnNVa- 


the vital capacity inereases very 
slowly or not at all. This test is 
extremely valuable in determining 


when it is safe for a patient conva- 
lescing from pneumonia to become 
active. Patients are too often dis- 
charged from the hospital and_ re- 
turned to active lives before their 
lung capacities are consistent with 
such activities. It is recommended 
strongly that no patient undertake 


/. i. = 
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an active life either in the hospital 
or in the home until the vital capacity 
has been restored to within 90 per 
nt. of the normal. 

After a eareful study of twelve 
patients suffering from pneumonia, 
Arnett and Kornblum (48) stated 
that their observations seemed to 


Ct 


indicate the following uses for the 
spirometer in this disease. 

(a) As an adjunet to the usual eliniecal 
pulse, temperature and respiration reeord, 
the vital eapaeity graph assists in visualiz- 
ing the course of the disease. (>) After 
the erisis, a failure of the vital eapacity to 
increase rapidly and steadily may point to- 
wards a complication, while the presence 
of such an inerease argues against the latter. 
c) Frequent accurate vital eapacity read- 
ings before and after operation for empy- 
ema are apparently valuable in indieating 
the success or failure of the operation.  (d) 
\n extremely low vital capacity may assist 
in differentiating pneumonia from diseases 
which do not lead to such a marked redue- 
tion. 


In children Stewart (22) found 
that lobar pneumonia affects the 
vital capacity of the lungs in a manner 
very similar to that above described 
for adults. 

Pulmonary Tuberculosis.—In_ 1846, 
Hutchinson (1) reported that he 
had been greatly aided by the vital 
capacity test in the diagnosis — of 
tuberculosis. Tollowing 
Hutchinson’s work, Wintrich (4), 
Simon (2), Arnold (5), Fabius (3), 
Schneevogt (49), Miller (6), Walden- 
burg (7), Cornet (8), and others 
found the vital capacity definitely 
reduced by pulmonary tuberculosis. 
Shepard (50), after using the vital 
capacity test very extensively in the 


pulmonary 


diagnosis of tuberculosis during the 
past forty years, states that he has 


found it of very great value. Garvin, 
Lundsgaard, and Van Slyke (51), 
in addition to other valuable findings, 
learned that in minimal tuberculosis 
the vital capacity was decreased as 
a result of an inereased amount of 
residual air, while in) moderately 
advanced eases the deerease was 
chiefly due to a diminished total 
eapaeity. Dreyer and Burrell (52), 
from a study of more than 200 cases 
of pulmonary tuberculosis, found the 
vital capacity test valuable in diag- 
nosis, in classification, and in follow- 
ing the results of treatment. 

Myers and Riee (53) ealled atten- 
tion to the value of the vital eapacity 
test in the diagnosis of pulmonary 
tuberculosis. A’ comparison of vital 
capacity readings with X-ray findings 
in 717 cases showed that when N-ray 
findings were negative the average vital 
capacity was 104.1 per cent. ‘Two 
hundred and three patients with slight 
unilateral parenchymatous — lesions 
had an average vital capacity of 
98.7 per cent., while seventy with 
slight bilateral parenchymatous — le- 
sions had an average vital capneity 
percentage of 95.5.) In ninety-four 
cases with unilateral disease involyv- 
ing not more than one lobe, and in 
ninety cases with bilateral disease 
involving not more than two lobes, 
the average vital capacity percentage 
was found to be 96.8 and SO, respec- 
tively. ‘Twenty-two patients with 
unilateral disease involving more than 
one lobe and forty-six patients with 
bilateral disease involving more than 
two lobes had average vital capac- 
ities of 65.6 per cent. and 53.8) per 
cent., respectively. It was of  in- 
terest and of practical value to find 
that of the 203 eases with = slight 








34 THE JOURNAL OF INDUSTRIAL HYGIENE 


unilateral disease revealed by the 
X-ray 152 proved to be non-clinical. 
Their average vital capacity was 
found to be 103 per cent. of the 
Only forty-two of the 203 
cases had clinical tuberculosis. Their 
‘apacity was 85.5 per 
There 


normal. 


average vital 
the were 
nine cases with questionable activity 
vital capacity of 


cent. of normal. 


with an average 


S9 per cent. of the normal. It was 
found that throughout the various 
eroups where non-clinical — tuber- 
culosis existed the vital capacity 


was approximately normal, whereas 
in the clinical tubercu- 
losis the average capacity was very 
definitely reduced. 


presence of 


When the vital capacity readings, 
symptoms, and physical findings were 
correlated in 773 cases, it was found 
that 
symptoms were negative the average 
103 per 
In cases of pulmonary tuberculosis 


when the physical signs and 


vital capacity was cent. 
with physical signs of parenchyma- 
the vital 


capacity was found to be decreased 


tous involvement average 


as the physical signs and symptoms 
increased, 
(54) recently 


(‘ameron reported 


the results of his observations on 
19S tuberculous patients. He found 
the correlation between the vital 
lung capacity and the anatomic 


changes in the lungs so close as to 
show convincingly that vital capac- 
itv readings deserve a definite place 
as a supplementary method of diag- 
nosis and prognosis. 

Contrary to what one might ex- 
pect, those who have made studies of 
the vital capacity of the tuberculous 
state that they have seen no harm 
result to patients from this test. 


Pneumothoraxr.—Pneumothoray 
Whether artificial or  spontaneoys. 
‘auses a decrease in vital capacity. 
In studying chronie pulmonary dia. 
‘ase, One occasionally finds a 
in which vital 
denly drops 


Case 
‘apacity quite sud- 
several hundred eyhie 
When this occurs, spon- 
taneous pneumothorax should be sus- 
pected. In artificial 
the vital capacity reduction ap- 
parently does not depend entirely 
on the amount of gas injected into 


centimeters. 


pneumothorax 


the pleural cavity. For instance, 
an individual with a vital capacity 
of 3,000 e.e., after having 500° e.e. 


of gas injected, may blow more or 
than 2,500 c¢.c. In a 


series of 


less small 
‘ases of pneumothorax re- 
ported by Myers (47), the average 
vital capacity was found to be 49 
per cent. of the normal. 
study by Myers and 
vital capacity 


In a recent 
Bailey (55), 
have 
found of considerable value in guiding 
the administration of artificial pneu- 
mothorax. In 


readings been 


cases it has 
been found that the initial injection 


SOTHEe 


of gas, although it may be small, 
reduces the vital capacity a great 


deal. For example, one patient with 
a capacity of 3,200 ¢.e. had the 
capacity reduced to 2,300 c¢.c. after 
the injection of 250 ¢.e. of gas.  Be- 
fore giving the initial injection of 
gas, therefore, one should know thie 
this is low, 
only a small amount of gas may re- 


patient’s capacity. If 


duce the capacity to or even below 
the tidal air; thus resulting in dyspnea 
and much distress to the patient. 


In our cases, it has been shown that 


with subsequent injections of gas th: 
vital capacity usually is not reduced 


even to the extent of the amount oc! 
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7 cas injected. This is — especially 
S, soticeable in cases in which there is 
r extensive disease of the lung under 
‘- rroatment, while the opposite lung 
) is clear. 
|. With the worker who has had little 
( experience in pneumothorax it some- 
- times happens that the needle passes 
‘- into the lung beeause the visceral 
X and parietal pleurae have become 
‘ adherent. Slight oscillations on the 
Vy manometer may lead him to believe 
) that the needle is in the pleural 
} eavity and a considerable amount 
y of was is injected. In such cases, 
the vital eapacity reading is the same 
before and after the attempt to in- 
| duce pneumothorax. 


If vital capacity readings are taken 


: in every case before and after each 
injection of gas the readings will be 

found valuable in determining the 
| condition of the better lung. Thus 


we have been convineed that routine 
vital capacity readings are of practi- 
cal value in pneumothorax cases. 

Surgery of the Thorax.—After mak- 
ing a eareful study of the importance 
of vital capacity in thoracic surgery, 
Graham (45) arrived at the following 
conclusions: 


Determinations of the vital capacity by 
ineans of aspirometer, when used in connec- 
tion with the mathematical expression given 
in the text, will indieate approximately 
the maximum opening in the chest wall com- 
patible with life, if the mediastinum is not 
wlready 


tion. If such observations are made before 


stabilized by adhesions and indura- 


tablishing open drainage in cases of empy- 


ui or before any thoracic operation, 
doubtless many lives will be saved. Both 
icoretical conclusions and actual observa- 
tions show that in empyema the vital 


That this re- 


- ' 
tion does not denend merely on the pres- 


C pacity Is greatly reduced, 


! 
f*¢a Q} the 


fluid exudate in the pleural 








eavity is shown by the fact that an appreci- 
able inerease in the vital eapacity occurs 
only gradually after the removal of the exu- 
date. This fact is of importance in being 
an additional argument against the estab- 
lishment of an open drainage during the 
acute pneumonic stage of an empyema when 
the vital eapacity is so low as to approxt- 
mate the tidal air requirement.  lixtensive 
thoracoplastie operations result in appar- 
ently a permanent marked reduction in the 
vital capacity. They should be employed, 
therefore, only in the rarest instances and 
only after other methods have been given 
anintelligent trial for at least many months. 


After making a study of the vital 
‘capacity of 579 surgical eases, esti- 
mating the risk and later comparing 
their the 
estimation — of risks 


with surgeon’s 
the 


the postoperative course, 


estimate 
and later 
observing 
Lemon and Moerseh (56) arrived at 
the following conclusion: 


lor routine purposes, the determination 
of the operative risk from the surgeon's 
opinion is probably, on the whole, a more 
satisfactory estimate than that obtained by 
means of the vital capacity readings. lLlow- 
ever, if the surgeon does not have the bene- 
fit of experience, or the assistance of an 
experienced internist in making such an 
estimate, especially in questionable cardiae 
and pulmonary conditions, vital capacity 
determinations may be of the greatest aid. 
From whatever cause, the closer the ap- 
proximation of vital capacity to tidal air, 
When low 


are obtained, the surgeon would 


the graver will the risk become. 
readings 
do well to institute preoperative measures, 
further observations before 


and to make 


attempting operation, 


Past Diseasi 


In the 
siderable 


past there has been con- 
speculation as to whether 
Vital capacity, onee reduced by cor. 
the 


(—— 


Shepard (57) 


GISCHERS, returns to 


Recent ly, 


tain 


ever 


normal. 
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made an extensive study of this 
subject in which he used 611 male 
university students with histories of 
influenza, pneumonia, pleurisy, pul- 
monary tuberculosis, or heart disease. 
He compared the vital capacities of 
these students with those of 2,821 
students without such 
From his study, Shepard 
concluded that “Influenza and pneu- 
the vital 
‘capacity of a large group, although 
the slight. Pneumonia 
varices but slightly in its effect on 
the vital capacity, according to the 
age contracted. When pleurisy, pul- 
monary tuberculosis or organic heart 


histories of 
diseases. 
to lower 


monia appear 


change 1s 


disease 1s included among the past 
diseases of a group of persons, there 
is apparently a definite and probably 
a permanent lowering of the vital 
capacity of that group as a whole.” 


APPLICATION OF VITAL CAPACITY 
TEST 

The greatest value of the vital 
capacity test is realized when one is 
able to take serial readings on each 
over a considerable period of 

I have found such serial read- 
ings (58) very helpful in determining 


case 
time. 


whether the lung capacity increases 
consistently with the growth of the 
bodies of children suspected of having 
pulmonary pathology. They are 
also very helpful in diagnosing cases 
developing pulmonary pathology sub- 
sequently to the of the 


initial reading, and in following the 


recording 
treatment of lesions in 
the heart or the lungs. 

In this the vital ca- 
pacity test has an important place in 


progress of 
connection. 


industrial and preventive medicine. 


Industrial organizations will find that 
routine vital capacity determinations 
on all persons entering their employ 
will greatly aid in the detection of 
certain diseases which might other. 
wise be overlooked. Again, if such 
readings are kept on record, they 
will often be found valuable for com- 
parison with subsequent readings 
taken at times when employees may 
be developing early disease of the 
heart or lungs, or when claims for 
compensation are made because of 
physical disabilities supposedly de- 
veloped while in the company’s em- 
ploy. 

Many colleges and universities are 
now making vital capacity readings 
a routine procedure in the entrance 
examinations of all students regis- 
tered. Already clinicians have found 
such records valuable. Readings are 
being made also in many schools, and 
the matter of making them a part of 
the routine physical examination of 
schoolchildren was discussed favora- 
bly at a recent convention of the 
National Education Association. 

The time is at hand when persons 
should know their actual vital lung 
‘apacities, just as they should know 
their actual heights and weights. 
Any person who loses several pounds 
in weight has reason to seek the 
cause; so, also, any person whose 
actual lung capacity decreases more 
than 10 or 15 per cent. has just cause 
for seeking investigation. Many 
persons would become familiar with 
their actual vital lung capacities if 
splrometers were made available as 
weighing The 
tion of spirometers 
tables with normal vital capacities 
and weights in many places where 


seales are. installa- 


accurate and 


J. I. H. 
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they would be available to the public 
would be an excellent public health 


measure. 


War Causes Tub ViTaL CAPACITY 
To Br RepucEep 


This question has been asked fre- 
quently, and a number of explana- 
tions have been offered. Von Basch 
(33), Siebeck (385), Ulrich and Nathan- 
son (38), and Barron (59) call atten- 
tion to the fact that early in ¢mpazred 
cardiac function there is a stasis and 
enlargement of the capillaries in the 
walls of the lune alveoli. These 
changes, they believe, affect the elas- 
ticity and expansibility of the al- 
veolar walls. And, although Mac- 
kenzie and others have considered 
rdles at the bases of the lungs as one 
of the earliest evidences of cardiac 
decompensation, these observers fur- 
ther point out that “a reduction in 
vital capacity, although an expres- 
sion of the same engorgement proc- 
ess, occurs, however, at an earlier 
stage, and may therefore be taken 
as an earlier evidence of cardiac 
impairment.’? ‘The work of Drinker, 
Peabody, and Blumgart (60) has 
shown that intravascular blood is 
capable of obstructing and encroach- 
ing upon the alveolar spaces, thus 
reducing their capacity. 

About pulmonary tubcreulosis it 
has been known for some time that 
with even a small lesion the expan- 
sion of the chest and the movements 

the diaphragm on the same side 
nay be considerably limited. It has 
been shown also that a severe lesion, 

if very small, may reduce the 
vital capacity more than an extensive 


lesion of a milder nature. Garvin, 


Lundseaard, and Van Slyke (51) 
have shown that in such eases the 
reduced vital capacity is due to 
increased residual air. These find- 
ings would suggest that a change 
occurs in the walls of the alveoli, 
which limits the use of the alfeeted 
lung. In moderately and = far ad- 
vanced pulmonary tuberculosis, the 
destruction of tissue undoubtedly 
plays a considerable réle in diminish- 
ing the vital capacity. In facet, 
Garvin, Lundsgaard, and Van Slyke 
found that in moderately advanced 
pulmonary tuberculosis the  redue- 
tion in vital eapacity is due largely 
to a diminished total capacity. 

In pnewrnonia it has been found 
that the reduction in vital eapacity 
is not proportionate to the extent of 
involvement. lor instance, in a ease 
with a small area of involvement 
there may be a vital capacity re- 
duction as great as in a case with 
consolidation of one or more entire 
lobes. Perhaps the compensatory 
emphysema in the lobules adjacent 
to the affected ones and the conges- 
tion of the alveolar capillaries, together 
with the limited movement of the 
diaphragm on the side of the involve- 
ment, account for the greater part of 
the reduction. 

In asthma the marked reduction 
in vital capacity during acute at- 
tacks is apparently due to obstrue- 
tion caused by constriction of the 
bronchial musculature. Obstruction 
of the tubes by an accumulation 
of mucus undoubtedly is responsible 
for the greater part of the reduction 
in occasional cases of bronchitis. 

It was suggested by Peabody and 
Wentworth (17) that the reduction 


In patients convalescing from pneu- 
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monia is due possibly to weakness 
following toxemia and may be found 
in patients convalescing from 
acute toxie condition. My 
vations (47) on the vital capacity of 
sixty patients suffering from and 
convalescing from paratyphoid fever 


any 


obser- 


showed that the vital capacity is 


reduced below normal limits in a 
very small percentage of the cases, 
and in the reduction 
eould be explained on other bases, 
such as development of pleurisy or 
During = convalescence, 
the vital eapaeity of the uncompli- 
‘ated cases was found to be within 


normal limits. 


these cases 


pneumonia. 


In this series of cases 
fever and rapid pulse had apparently 
little or no effect upon the vital 
‘capacity. 

It has been stated that the vital 


capacity test is a good index as to 


physical fitness, but some of the 
more recent work suggests that a 
correlation of vital capacity with 


certain measurements of the body is 
an index of physical fitness only in 
the heart or the lungs. 
Peabody and Sturgis (61), studying 


relation to 


the effects of general weakness on the 
vital capacity of the lungs, found 
twelve patients suffering from anemia 
all of whom gave history of weakness, 
the The 
average vital lung capacity of these 
patients was 88.7 per cent. of the 

the 
normal, 


some in extreme form. 


cent. 
Another patient on 


normal: lowest, 74 
of the 


whom ‘‘test made on thirty-sixth day 


per 


of typhoid fever and second day of 
normal temperature, who could not 
register grip testing apparatus with 
either hand,” had a vital capacity 
[It would 
appear that these figures could hardly 


of 86 per cent. of normal. 


represent the true physical fitness 
of the patients studied. 
Peabody and Sturgis (61) made 4 


ae 


further study of the effect of fatioue 
of the muscles of respiration on the 
vital capacity. They attempted to 
produce this fatigue by taking vita] 
capacity readings every fifteen seconds 
forten minutes. The individuals used 
in this work were suffering from eardige 
disease or pernicious anemia. It is 
interesting to note that they showed 
a vital capacity at the end of the ex- 
periment as great as at the beginning, 

It appears, therefore, that patients 
suffering from a disease outside the 
heart and the lungs which causes an 
extreme weakness have a reduction in 
physical fitness greater than the vital 
papacity test indicates. 


(CONCLUSIONS 


While normal vital capacity 
standards are as satisfactory as nor- 
mal weight standards, yet Just as is 
the case with weight standards, in- 
dividual variation offers one of their 
greatest limitations. <A who 
may ordinarily have a vital capacity 
of 125 per cent. of the theoretical! 
normal may develop a disease which 
materially reduces his vital capacity, 
and yet the readings may be well with- 
in the generally accepted normal lim- 
its. This difficulty is overcome where 
the vital capacity of persons while in 
a normal state of health is recorded. 

In the differential | 
chest diseases the vital capacity test 
gives us very little aid. Probably 
the only help we receive from it is 
from 


person 


diagnosis 0! 


in differentiating pneumonia 
certain other acute diseases. 
Contrary to fairly recent teaching, 


it is apperently a test of physical 
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s Gtness only in so far as the heart 
and the lungs are directly involved. 
7 | On the other hand its uses are 
e many and very definite. It can 
Q fell us roughly, yet quickly, whether 
0 there is involvement of much clinical 
| sjenificanee affecting the heart or the 
3 lungs directly or indirectly. It aids 
] in differentiating between pneumonia 
C and certain other acute diseases of 
: the respiratory tract. It gives valu- 


able information regarding the sever- 
, ity of lesions, especially tuberculous 
lesions. In surgery of the thorax, 


S including artificial pneumothorax, it 
has a definite place. 


39 


In dealing with acute infections 
outside the heart and the lungs, the 
vital capacity test is valuable in de- 

complications 
The test 
good index also as to the effects of 
of the heart 
and the lungs. 
curs the vital capacity may show an 
be 


tecting developing 


such as pneumonia. is a 


treatment diseases. of 


If improvement oc- 
increase before any change can 
detected by other methods of examina- 
On the other hand, if the con- 
dition remainsstationary or progresses, 
the vital capacity will remain un- 
changed or show an actual decrease. 


tion. 
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BOOK REVIEWS 


OccUPATIONAL (PROFESSIONAL AND IN- 
pesThIAL) INJURIES OF THE SKIN, Edited 
hy Karl UUmann, Moriz Oppenheim, and 
r WW. Rille. Volume 1. Pp. 336.  Leip- 
: »: Leopold Voss, 1922. 

This book consists of two volumes. 
Volume II, which has not yet reached 
us. will deal, we understand, mainly 
with the injuries of the skin caused by 
chemical poisons used or handled by 
professional and industrial workers 
during the performance of their duties. 
Volume I, edited by Dr. Ullmann and 
Dr. Rille, is written in German and 
deals mainly with the injuries of the 
skin due to physical causes. 
tains eighteen separate articles by 
authorities of various nationalities, 
most of whom have their headquarters 
either in Austria or in) Germany. 
At least several of the authors are well 
known throughout the realm of derma- 
tology and its kindred sciences. 


. 


It con- 


Bernardino Ramazzini, who was born 
in Carpi in 16383 and died in Padua 
in 1714, is regarded as the founder of 
industrial hygiene, and his’ portrait 
appears as the frontispiece to this vol- 
ume. A general outline of the etiology 
and nature of industrial skin affections 
is given under the name of the late A. 
Blaschko. J. Fischer deals with the 
history of industrial dermatology. 
Dr. Moriz Oppenheim writes on voca- 
tional stigmata of the skin, a subject 
‘or which he is already famed. ‘These 
‘tiginata afford indications to a man’s 
occupation and particularly to the tool 
or material-—chemical, oil, dye, ete. 
With which he habitually works. Two 
colored plates and numerous excel- 
lent black and white illustrations of 


eallosities of the hand, ete., are given. 

The article on the pathology and 
clinical features of the aetion of cold 
is written by Dr. Kyrle, who deals 
chiefly with erythema pernio (ehilblain) 
and genuine freezing of the skin as 
seen, for instance, in the feet of sol- 
diers exposed to low temperature dur- 
Ing the recent war. He treats fairly 
fully with the predisposing factors, 
prophylaxis, and therapeutics. Sev- 
eral typical illustrations, including a 
colored plate, demonstrate the chief 
points discussed. Dr. Ullmann eon- 
tributes a complete and lucid deserip- 
tion of the effect of heat in producing 
burns and scars of the skin, dealing 
with statistics and with stigmata show- 
ing, for instance, the characteristic 
position of burns in various occupa- 
tions eg., baking, casting, metal 
working, ete. Numerous photographs 
of injuries and also of interiors of 
foundries illustrate his discourse; 
preventive measures and treatment 
are duly considered. Dr. Jellinek 
writes concerning the injuries to the 
skin produced by electric shock: his 
article is suitably illustrated = and 
includes notes on diagnosis, preven- 
tive measures, and therapeutics. Dr. 
Mhrmann and Dr. Perutz give an 
account of experiments dealing with 
the rudiments of the pathologic effects 
of light rays; while sunburn, hydroa 
vaceiniforme, and the yraver condition 
of xeroderma piqmentosum are fully 
deseribed by the late A.L. l’onss of 
the Tinsen Institute. Typical illus- 
trations accompany these  deserip- 
tions and reference is made to the 
various conditions of sensitization to 









































44 THE JOURNAL OF INDUSTRIAL HYGIENE 


luminous rays by such substances as 
hematoporphyrin and buckwheat; 
Hausmann’s experiments on sensiti- 
zation of mice to visible rays by injec- 
tion of the former substance receive 
attention. The effects of mercury 
vapor and carbon are lamps also come 
under Three interest- 
ing articles accompanied by excellent 
illustrations concern injuries of the 
skin produced by special radiations: 
Dr. Dohan and Dr. l\ienbéck deal 
with roentgen rays, Dr. Dautwitz with 
radium, and Dr. Friedlander with 
mesothorium. 

A rather novel article by Dr. Sil- 
berstern describes skin injuries pro- 
duced by the formation of gas bubbles 
(nitrogen) in the skin of compressed 
air workers; reference is also made to 


discussion. 


skin affections following indirectly 
upon injury to the spinal cord by 
these gas bubbles. Dr. Silberstern 


also describes accidents to divers in 
which, owing to the much greater pres- 
sure of the water on the body than on 
the helmeted head, blood is driven 
back along the veins of the head, caus- 
ing extreme congestion thereof and 
bleeding into the tissues of the eveball, 
ear, mouth, nose, and jaws. A brief 
note of the influence of atmospheric 
conditions on the uncovered skin of 
airmen is contributed by H. 8. Schrot- 
ter. with 
the aid of photographs, typical injuries 
of the skin and soft parts as the result 
agents, 
Dr. Wirth considers the skin affections 
of domestic animals and gives a full 
account, with illustrations, of the 
effects produced by pressure of the 
harness on the skin of horses. 


Dr. Jerusalem describes, 


of trauma due to physical 


The remaining three papers do not 
deal directly with injuries due to phys- 


ical eauses. Dr. gives an 
account of tuberculosis of the skin 
with special reference to its occurrence 
in different occupations; some illys. 
trations are included. Dr. Rayool; 
deals, in his illustrated article, with 
sores of the feet and their bearing 
upon occupation. | 


Fabry 


He finds sores of 
the leg most common in. ordinary 
laborers (men) and domestic servants 
(women). An abstract of the laws 
and decrees of different countries to 
protect industrial workers is due to 
Dr. Brezina. 

This volume is excellently produced, 
It contains 128 illustrations in the 
text, 9 colored plates, and full lists of 
the bibhography of the subjects under 
discussion. 
tant work of reference for all engaged 
in the study of industrial hygiene and 
of the recent advances in its researches. 
—J. A. Campbell. 


It constitutes an impor- 


Cuinics. Volume II, 
1924. Cloth. Pp. 
Philadelphia and London: 
J. B. Lippincott Company, 1924. 


INTERNATIONAL 
Thirty-Fourth 
°95 and index. 


Series, 


This volume of International Clinics 
contains several articles with titles 
attractive to the industrial physician. 
There is first of all a symposium on 
physiotherapy, which begins with a 
description of physiotherapy technic 
for intranasal diseases. Anything 
promising abortive, palliative, or cura- 
tive treatment for acute and chronic 
disease in the upper respiratory tract 
is of interest to industrial medicine. 
Brooke describes methods evolved in 
his own clinie and details the appara- 
tus necessary for His 
results are apparently favorable, but 


such work. 
one cannot fail to be struck by the fact 
that where cases are given they illus- 
trate only the successful possibilities 
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of the proposed measures. ‘The indus- 
jal physician who turns to Brooke's 
ethod for relief against one of the 
eauses of lost time will do so 
che realization that he heeds the 
of an enthusiastic advocate 
ot the substantial representations 

of a judge. 
second paper, by Dr. Mary 
Syoy. on mechanical vibration in ear- 
diovascular. conditions is ao further 
ple of the intoxication which so 
often seizes the physiotherapy prae- 
titioner. ‘The paper recounts success- 
ful instanees of reduction and imerease 
in blood pressure by vibratory treat- 
ment apphed over the upper dorsal 
ind eervieal vertebrae. It ts) also 
declared to be possible to) improve 
cardiac. tone by appropriate — trenat- 
ments Of stmilar nature. One finds 
introducing these climeal matters such 
tutements as: “As a test of myo- 
cardial insufficieney, register the pulse- 
rate with the patient Iving or sitting, 
Normally it 

) 


should be higher sitting, from 4 to 6 


] 
and compare results. 


ats. If found reversed, meyocardial 
insufliciency exists.’ Phere is) an 
mgenuous assurance about this which 
is repeated in other parts of the paper 
and which does not inspire confidence, 
The two remaining papers in. the 
physiotherapy section deal with X- 
mays and radium and consist of a 
Suintnary of the physiology and pathol- 
of X-ray action and a readable 
account of radium treatment, 
In the surgical section of the volume 
Cis an exceedingly scholarly and 
Wa tical article on osteomyelitis by 
Ashhurst.— Ceeil K. Drinker. 


ERVO' ParientT. by Millar 
Py. Vill, HOD. 
Ltd.. 1924. 


| . M.D., FRCS. 
London: H. K. Lewis 


The common sense general practi- 
tioner has taken the same attitude 
toward psyeho-analysis as he has pre- 
like Galho 
he has eared for none of those things: 


served toward hypnotism 


he has been content to wait and watch. 
Nevertheless, particularly if his work 
lies among the industrial population, 
he Is ever more frequently, as) the 
complexity of etvilized life increnses, 
encountering — the patient 
Whose physieal condition is clearly 


NeTVOUS 


necentunted by some subterranean 
Influence, as for example by the 
reeeipt, present or prospeetive, of a 
Wiur-time 
experience, particularly with reeard 


compensation allowance. 


to enses of disordered action of the 
heart and shell shock, (taught much of 
the Hi porlance ot “nerves | PLiLLOUNS 
men: be as comme to wonder whether 
the much spoken of methods of trenat- 
ment may nol be tameditely applie- 
able to his own daily work; but he 
fears the one-sided dieta of experts, 
Surgeons, however, are essentially 
materialists: heace when one sets out 
to discuss the whole matter, the ordin- 
ary mean Will be inelined to listen. 
The author of this book, M. Culpin, 
is a surgeon who has become con- 
vinced that there are more thines in 
the realm of dl-beine than ean be 
covered by material treatment. THe 
sets out the position, grouping clearly 
the various manifestations and show- 
ing how frequently suppression and 
repression may finally result in phys 
jeal disorder, 

The hook VAIN from tut al ence of 
abstruse manufactured terminology 
which all too frequently pervades 
works dealing with psychology and 
entirely obscures for the man in the 


street the meaning of the text. Occu- 
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neuroses, such as. writers’ 

cramp, railway 
postaccident con- 
ditions are discussed and instances are 
quoted of 


pational 
cramp, telegraphers’ 
shock, and other 
the presence of anxiety 
symptoms which, although not con- 
spicuous, were useful as indicating the 
pathologic state of which the occu- 
The 
warning is issued that reticence con- 


pational disorder was only part. 


mental often 


causes the diagnosis to be overlooked. 


cerning syinptoms so 
“The patient who comes with the 
definite complaint of 
falls into 
group of the minor psychoses; in my 


an occupational 
cramp one or other sub- 
experience the cramp subject 1s more 
often of the anxiety than the hyster- 
ical type, and sometimes is definitely 
obsessional.” 

Miners’ nystagmus is fairly claimed 
to be an occupational neurosis, and 
drawn from the 
recent reports issued by the Medical 
Research Council. This condition, as 
well as wider issues with regard to eye 
symptoms, 1s discussed in a special 
chapter by an ophthalmic expert, W. 
S. Inman, whose views with regard to 


evidence in favor 1s 


the relationship of eyestrain to nerv- 
ous symptoms, such as headache, are 
the reverse of orthodox but are not 
for that Some of the 
eases quoted are indeed illuminating 


reason. false. 


and go far to justify his conclusions 
that no definite relationship exists 
between severity of symptoms and 
the degree of refractive error; and that 
wrong glasses may cure, while correct 
glasses inay fal. 

The industrial physician will find 
much of value 
volume and as he reads must 


this 


recog- 


and interest in 
nize again and again the similarity 
between cases quoted and his own 


daily experience. He, far more than 


the specialist who seeks for the text. 
book syndrome and then “makes 
diagnosis,” 


a 
knows that mind gover, 
matter and that at the back of tho 
syndrome may lurk res angusta doy): 
and he will welcome an expositioy 
which sets forth plainly much that hyo 
has himself learned — instinctively 
through daily and intimate contage: 
with humanity and _ its 


BE. L. Collis. 


troubles. 


LIGHTING IN RELATION TO) Porpry 
HeattH. By Janet Howell Clark, Ph.D. 
Associate Professor of Physiological Iy- 
giene in the School of Hygiene and Public 
Health of the Johns Hopkins University 
Cloth. Pp. 185 with illustrations 
index. Baltimore: Williams & Wilkins 
Company, 1924. 


Professor Clark’s recent book pro- 
vides the public health officer with 4 
Only the 
necessary physical principles are dis- 


textbook on illumination. 


cussed and the treatment is entirely 
from the point of view of public health. 
The practical applications of the sub- 
ject are given in sufficient detail to 
make the book of real value in field 
work. 

Standards of illumination for vari- 
ous conditions of work, designs for fac- 
tories, schools, and 
lighting, glare, and the best conditions 
for visual efficiency are the principal 
topics. In addition to the engineering 
aspects of the subject, there are three 
chapters on occupational eye diseases 
and pathologic effects of radiant 
energy on the eye, thus combining 
in one volume the results of modern 
scientific research in two fields whic 
are usually treated as entirely separ- 


street 


homes, 


ate. The utility and convenience 
the public health officer of such 
arrangement are obvious.—C. 4A. 
Mackay. 


